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SUMMARY 


This  report  presents  an  edited,  abbreviated  version  of 
the  proceedings  of  the  Third  InterlaboratoiY  Conference  on 
the  Mechanisms  zmd  Kinetics  of  Virus  amd  Spore  Inactivation 
held  at  Llewellyn  Farms,  Morris  Plains,  New  Jersey,  May  6, 
195S,  and  at  the  Chemists'  Club,  New  York  City,  May  7,  1955. 


I.  BffROmJGXIGH 


Is;  3.953,  Jime  19545  and  May  X955s  th.rse  si^ccessivs  coaferer- 

5f8re  held  to  di.setJ3S  the  subject  of  the  fcschaaiasssis  and  kinetics  of  ¥irus 
and  spore  inactivation.  Personnel  attending  these  cruferaacss  w.re  engag-.j:' 
is.  research  under  contracts  with  the  Decoataairatiou  Brasch,  Fh^/sical  Bcis'rije 
DivisioSj  Fort  Betrick-^  Edited  transcriptions  of  the  fiirat  two  corfarsi-c^^g 
T?sr®  published  as  Fort  Datrick  Interia  Haports  67  and  91  and  ts'ere  distributed 
to  various  investigators  to  inform  the®  of  the  nature  as.(i  direction  of  the 
re^^aarch  of  others  in  closely  associated  fields. 

fhs  prooeodiags  of  the  third  conference  are  herein  similarly  colieotsd; 
hoTOver,  a  redtaction  in  ftinds  for  th©  support  of  research  contracts  by 
B9cc!fits®iaati<m  Braisch  has  since  resulted  in  the  cancellation  af  ail  contracts 
m.  tMa  subject,  fhis  report,  consequently,  my  well  be  the  last  raaitltirig 
fr®  in©  conferences,  but  tfe  hope  it  will  serve  workers  in  the  field  of  steri¬ 
lisation  as  a  guide  in  future  work, 

le  havo  attempted  to  reproduce  herein  both  the  factual  data  presented 
and  the  spirit  of  informality  and  cooperation  which  pervaded  the  confetence. 

We  hope,  however,  that  the  conferees  will  forgive  us  for  taking  lit?,  cies 
with  their  spokon  and  written  words,  but  we  accept  full  responsibility  for 
any  mistaken  or  incosplet''  iis^jresaions.  fhe  participants  in  the  third 
corifsrerce  are  shown  in  Figure  1. 

This  introduction  would  not  be  complete  without  expressing  the  indebt ■> 
odssas  c-f  the  Chemical  Corps  and  of  all  the  conferees  to  Dr.  Georg®  H. 
rfeigiiu,  Hasearch  Director,  Wanaer-L’j^il'ert  Laboratories,  who  was  host  for 
the  cosfarence  for  the  third  time.  The  conference  was  a  success  largely 

'bocs.nesj  of  Br.  I'angun.  and  his  staff. 


Figure  1,  Pairticipants  in  the  Third  Interlaboratory  Conference.  Front  row, 

left  to  right:  E.K.  Hoffman,  E.C.  Mayo,  D.M.  Fortner,  S.  Yaverbaum, 
Fort  Dotrick;  M.E.  Deutsch,  Warner-Lambert  Labs.  Sear,  left  to 
right;  O.F  Seddish,  Warner-Lambert  Labs;  S.  Kaye,  Fort  ^trick; 

G.  Darker,  Ben  Venue  Labs;  B.  Schwartz,  Wzcrner- Lambert  Labs;  H.W. 
Heine,  Bucknsll  Univ. ;  E.  Lasley,  Warner-Lambert  Labs;  R.W,  Brcokman, 
Southern  Resaarcl.  Inst.;  B.  Dubnick,  Warner-Lambert  Labs;  3.D. 
Church,  Univ.  of  Mich.;  F.M.  Schabel,  Jr.,  S.  Res,  Inst.;  F„B, 

Engley,  -Jr,,  Univ.  of  Tex.;  U.E.  Skipper,  S.  Res.  Inst.;  G.M  'fangun, 
Warner -Lambert  Labs;  H.O.  Halvorson,  Univ.  of  Mich. ;  B.  Edwards, 
Warner-Lambert  Labs;  F.W.  Shaver,  B.F.  Goodrich  Res.  Labs;  J.R, 
Leonards,  Ben  Venue  Labs;  H.O.  Halvorson,  Univ.  of  Ill.;  R.  Porter, 
Fort  Batrick;  R.G.  Sanders,  Warner-Lambert  Labs;  T.B.  StLr,  }  i 
Bet.icK,  Conu'erees  not  shov.n  in  the  picture:  u.B.  Williams,  .’v. 
of  Toy,.;  L.P.  Greenberg,  Fort  Betrick. 


Figure  p*rticipaats : in  therThirdvIateri^boratory  Conference.  Front  row, 

left  to  right:  K.K.  Hoffman,  .S^iC.  Mayo,  D.M.  Fortner,  S,  Yaverbaum, 
Fort  Detrickj  M.B.  Deutach,  Kamer-*La«bert  Labs.  Sear^  loft  it o 
right:  G.F  leddish,  Mamer-Lambert  Labs;  S.  Kaye,  Fort  Detrick; 

G.  Daurker,  Ben  Venue.  Labs;  B.^Schwartz;  Vamer-Lambert  Labs;  H.V. 
Heine,  Bucki»ll  IIniv«;  E^'LasleyjvMamer-Laafl^rt  Labs;  R;M,  Bryckman, 
'  Southern  Besearck  Inst VfaTner-Laabert  'Labs ; '  B . Bi 
Church,  Univ. :o£  llichii^FvM.  Sbhabel,  Jr.;  S.  Hes,  Inst;;  F;3. 
Engley,  Jr.,  Univ.  of  Tex. ;  H.E.  Skipper,  S.  Ses.  Ihst; ;  G.  Mangun, 
Mamer-Lanbert  Labs;  H.O.  Halvorson,  Univ.  of  Mich. ;  B.  Eduards, 
■Hamer-Lambert  Labs;  F.M.  Shaver,  B.F.  Goodrich  Res.  Labs;  J.R. 
Leonards,  Ben  Venue  Labs;  H.O,  Halvorson,  Univ.  of  Ill.;  R.  Porter, 
Fort  Detrick;  R.G.  Sanders,  Ramer-Lambert  Labs;  T.B.  Stiji,  F  .'t 
Detrick,  Conferees  not  shonn  in  the  pictiure:  O.B.  Williams,  »’v. 
of  Tex,;  L.P.  Greenberg,  Fort  Detrick. 
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11.  MINPTES  OF  THE  mST  SESSION 


KIIS?  This  is  the  third  and  last  annual  gathering  of  contractors  of  Fort 
fletrick  who  are  performing  research  on  tiie  laecbani^  and  kinetics  of  '.drus. 
bacterial,  suid  spore  inactivation.  All  these  meetings  have  been  cocvoned 
by  Dr,  ibingim,  who,  in  addition  to  having  a  contract  with  Detrick,  is 
coordinator  of  this  phase  of  our  reseaurch.  It  appears  desirable  to  us  to 
have  all  contractors,  ex-contractors,  and  wiU-be  contractors  get  together 
and  discuss  unclassified  work  relating  to  the  inactivation  of  the  various 
types  of  organians  in  idiich  we  are  particularly  interested, 

MAHSCNt  I  had  hoped  that  Dr,  Skipper  could  be  here  to  act  as  Chairman  for 
this  i'irst  session  on  viimses,  but  he  has  been  delayed,  I  thiuk  Ihat  per¬ 
haps  tiw  best  thing  to  do  under  the  circumstances  is  to  go  ahef.-i  with  some 
of  our  own  kinetic  stttdies. 


WPTS(^:  First,  let  me  review  irtiat  our  thought  has  been  in  the  Our 

thougbi  has  been  to  get  at  the  oechaziisa  of  viral  and  spore  inactivation  by 
studying  the  kinetics  of  the  inactivations.  Our  procedure  has  been  very 
simple:  Prepare  the  suspensions  of  spores  and  viruses  at  a  constant  pH 
and  temperature,  expose  them  to  the  inactivating  agent,  and  study  the  velo¬ 
city  of  the  disappeafincQ  of  viability  or  infectivity. 

Kaking  these  studies  at  different  concentrations  of  spore  amd  inactivat¬ 
ing  agents,  we  have  been  able  to  determine  that  all  of  our  inactivating  re¬ 
actions  are  first  order  with  respect  to  biological  agents,  and  first  order 
with  respect  to  Inactivating  agents.  That  is,  the  mechanism  fits  n  one-to- 
one  reaction,  a  reaction  between  one  molecule  of  inactivatixig  agent  and  one 
molecule  of  biological  mat<.Tlal;  by  molecule  of  spore  I  mean  one  ^ore,  by 
molecvde  of  virus,  I  mean  one  virus  particle,  Dy  studying  these  kinetics  at 
different  tofl^ratures,  we  have  been  able  to  derive  certain  thermodynamic 
parameters  of  the  inactivating  reaction,  Ihese  hare  been  calculated  using 
the  convention  that  a  mole  of  spores  is  6,02  x  1023  spores,  and  a  mole  of 
virus  is  6,02  x  10^3  virus  particles. 


l^ble  I  is  a  summary  of  thermcdvnaaic  pairameters  that  we  have  determined 
using  this  techniques  One  of  these  parameters  is  enthalpy  or  heat  of  acti¬ 
vation;  that  is,  the  change  in  aH*  occurring  during  formation  of  the  acti¬ 
vated  complex,  ’itiich  is  an  intermediate  between  the  unchanged  virucide  and 
the  virus  and  the  inactivated  virus  with  the  virucide  molecule  added  onto 
it.  The  second  parameter  is  the  AS*;  that  is,  the  entropy  change  accom¬ 
panying  the  formation  of  the;  activated  complex  which  is  the  first  stage 


in  the  inactivation  of  the  ilological  agent< 


although 


iats  ft  ntsih'fr  .-f  -alkylating  agents  and  a  number  of  biologicaJ 


—  t  55  t 


.’.‘izs  order  o.  rnagnitude  ,  The  first  two  rows  on  this  table  are  a  little 
fj  ■  f  fore  lit  frtini  yrie  rest,  To'-y  ere  for  chesaical  reaction  bstweca  propio- 


Lwo  entries),  all  of  these  figures 


of  the 


i 


a . 


inc 


H  iudy 
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TABl£  I.  THESMODYNAMIC  SEACHON  PA1UMETS2S 
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-*--25 

« 

Inflaenza  A  Tirus  (pH  6.6) 
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13^ 

N 

lEE  Vims  (pH  6.6) 
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5 

« 

«  "  9.6) 

B  subtilia^  spores  (pB  4.6) 

16,GCG 

4 

m 

18,000 

13 

n 

»  (pH  6.6) 

24,000 

20 

M 

«  «  (pH  9.6) 

20,000 

17 

Ethylette  o^dLde 

Jbfluenza  A  Tims  (pH  5.6) 

15,000 

-  9 

« 

"  "  "  (pH  9.6) 

14,000 

-10 

N 

m  Tims  (pH  6.6) 

16,000 

-  4 

fl 

(pH  9.6) 

16,000 

-  3 

Bthylenirntnc 

laflueaza  A  Tima  (pH  5.6) 

-t- 18,000 

-t-"  9 

a 

(p8  9.6) 

-^16,000 

1 

« 

HEE  Urns  (pH  6.  '  ar/j  9.6) 

-->-20,000 

^  10 

IHAitrcflaorotaAnsciie 

•  «  (pB  6.G) 

-X-*  21,000 

30 

a.  Standard  Jkror  •  li 

b.  Standard  Error  » 

4,  C,  TX. 

•  niger. 

propriolactos*  ajod  alsoine  is  greatly  dependent  on  pB*  Bat,  as  I  irill  discuss 
in  a  sliort  tiae,  «•  can  separate  tvo  effects  to  esjuin  the  higher  vBria> 
tion  in  the  folloving  tehiss  “^t  the  r^wtiona  wtiroen  pf'opriolactone  and  an 
ionised  or  aa*>iQnised  carbQ3^  groc^  is  veer  slow  CQq;>ared  to  the  other  reac¬ 
tion;  that  the  reaction  with  102  rathet'  fast;  and  that  the  reaction  with 
103^  is  faster  than  the  carbojtyi  reaction  hut  considerably  slower  than  (maybe 
one  percent  of)  the  reaction  with  )1B2«  Ve  can  ezpl^  the  p6  variation  on 
that  basis.  The  question  natnrally  comes  to  mind  whether  the  thermodyoamic 
paruMters  of  the  inactiYatiag  reactions  of  the  biological  materials  are  coa- 
patlhle  with  a  mechanism  in  idiich  amino  groups  are  hit.  After  studying  these 
data  very  carefully,  I  come  to  the  conclwaion  +hat  the  two  things  are  compat¬ 
ible,  that  at  any  of  the  at  which  we  studied  these  biological  reactions, 
the  prfHlominating  form  is  You  will  see  that  I  have  tabulated  biological 

inactivating  reactions  at  pH’s  from  4.6  to  9.6,  The  values  for  AH«  and 
for  the  inactivation  reactions  fall  within  the  range  that  sight  be  expected  if 
aminn  groups  ar&  attaebsd.  That,  of  course,  is  not  proof  that  amino  groups 
*^ttach?d,  but  sorely  ahotrs  that  the  kinetic  data  are  not  inconsistent  with 
thoso 

_  ’!>  -a  lues  obtained  for  other  protein  denaturations  that  have  been  deter- 
ii  ’  c-xp  rr  is-entally  range  frt-  10^000  to  140,000,  veil  above  the  range  :)bser- 
.  ‘  ■  0,  the  ■'.valuer;  range-  fror'  40  t-'  300.  biVher  than  any  of  the 

. :  ib  :  ^  ■■■  -  :  l:ninO  ST 
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KAYE;  Is  that  thermal  denaturat ion  of  protein? 

DEUTSCH;  Thermal  denaturation  is  causing  it.  However,  it  has  been  shown 
that  thermal  denaturation,  and  acid  or  alkaline  denaturation  are  just 
different  ways  of  saying  the  same  thing.  Khat  it  means  is  that  thermal 
denaturation  is  much  accelerated  by  a  high  concentration  of  lii'drogen  ions 
or  hydroxyl  ions.  .The  processes  seem  to  be  essentially  the  same. 

HALYORSW  ( Ill. ) ;  Those  are  aH's  on  soluble  protein,  is  that  correct? 

DEHTSCIh  The  values  that  I  quoted  -  40,000  to  140,000?  Yes,  they  are. 

HALYOSSON  (Ill. ) ;  I  wonder  if  it  would  be  valid  to  compare  that  to  either 
your  spore  or  your  virus  system,  where  your  primary  effect  might  presumably 
be  a  surface  one?  Like  on  receptor  sites,  or  in  your  virus,  some  surface 
protein.  Would  you  expect  that  to  differ  very  much?  Is  there  ax\y  litera¬ 
ture  on  denaturation  of  structural  protein? 

DEUTSCH:  There  couldn’t  be  any  literature  on  the  denaturation  of  insoluble 
proteins,  because  denaturation  is  usually  defined  as  a  failure  to  be  soluble 
it  a  pH  and  concentration  at  which  solubility  usually  occurs. 

HALYORSON  (Mich. ) :  I  realize  that,  yes,  but  hasn't  it  also  been  used 
excessively  "to  measure  sulfhydryl  appeergmee  arid  disappearance  paralleling 
denaturation?  There  is  a  fairly  clo^je  correlation,  I  beljeve,  and  we  wonder 
if  one  couldn't  do  this  with  a  structural  protein. 

DEDTSCH;  1  don't  know. 

KAYE;  There  is  another  thought  that  occurred  to  me;  the  protein  denatui- 
aiions  for  which  thennodynamic  parameters  have  been  obtained  are  all  revers¬ 
ible  in  nature.  How  does  this  con^jare  with  inactivation  of  organisms? 

DEUTSCH;  Well,  some  people  say  that  denaturation  is  a  reve,  aible  step 
foiio;fed  by  zn  irreversible  step.  There  is  no  unzinimity  in  the  defini¬ 
tion  of  denaturation. 

HEINE:  How  did  you  measure  the  rate  of  reaction  of  propioiactone  and  alanine 
to  obtain  these  heats  and  entropies  of  activation? 

DEUTSCH :  I  didn't  want  to  go  too  much  into  the  technical  details,  but  for 
measuring  the  rate  of  reaction  between  propioiactone  and  alanine,  we  mde 
a  solution  of  alanine  at  a  high  enough  concentration  so  that  even  when  all 
:.he  ])ropiolactone  was  gone,  the  concentration  of  alanine  had  practically  re- 
ru-incd  unchanged.  He  added  propioiactone  to  this  at  a  constant  known  pH 
;infl  constant  tem]>urature  and  intermittently  determined  propioiactone  concen¬ 
tration  by  using  h^'iroxy famine  and  ferric  chloride  to  test  for  propioiactone. 
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HSlMEt  I  wonder  if  you  would  get  your  heat  of  activation  of  propiolactone 
and  alanine  more  in  line  with  your  viruses  and  spores  here  if  you  had  used 
aoaie  dipeptides  and  tripeptides,  rather  than  the  amino  acid»  You  see,  you 
had  36,000  calories  involved  there  to  11,000  to  17,000  calories  for  the 
virus*  In  amino  acids,  you  have  a  highly  polar  group*  You  cut  down  thsit 
figure  when  you  get  into  the  dipeptide  and  tripeptjde  and  a  tetrapeptide,  and 
I  think  the  entropies  and  heats  of  activation  would  be  more  in  line  with  your 
spores  and  viruses*  After  all,  you  are  dealing  with  a  polypeptide  there  in 
viruses  and  spores* 

OEUTSCHt  Those  studies  certainly  are  indicated  and  are  planned*  Please 
rea^beF  that  the  NH2  group  reaction  is  not  the  predominati^  one,  bi^t  the 
NEg  group  reaction  predominates  at  the  pH's  we  studied,  which  incidentally 
are  the  only  practical  i^'s,  since  we  get  into  technical  difficulty  above  or 
below  the  pH'S  used*  Your  suggestion  is  a  very  good  one,  and  this  is  just 
the  first  step  in  our  study  of  chaaicals  to  compare  with  the  actual  biological 
system. 

fflAVEk}  Do  you  think  if  you  used  mercapto  acetic  &''  '  ’jastead  of  alanine, 
it  WDuid  make  much  difference  in  your  energy?  The  mercaptones  are  rather 
inactive  toward  the  lactone  until  it  is  at  a  high  pH  and  then  it  is  very 
rapid* 

DBUTSCH;  Ic  have  e^>erlence  with  glutathione,  a«d  this  gets  too  fast  to 
measure*  We  couldn^t  study  it  that  way  because  the  ;«srcapto  acetic  would  inter¬ 
fere  with  the  hydroxylamlne  reaction  because  of  a  coaplex  with  the  ferric  ion. 

In  previous  studies  that  we  reported  nt  other  meetings  with  Western  equine 
encephalomyelitis  virus,  the  virus  was  assayed  in  every  case  by  using  mice  to 
determine  the  lethal  dose*  We  thought  it  would  be  good  to  see  if  our  results 
were  more  general  than  that;  that  is,  whether  or  not  we  were  studying  loss  of 
virus  activity  or  whether  we  are  just  studying  loss  of  virulence  to  mice.  So 
we  have  cojq>arod  on  the  next  graph  (Figure  2)  the  loss  of  virus  titer  as 
measured  by  fibroblast  and  the  loss  of  virus  titer  as  measured  by  mouse  assay, 
Tne  two  follow  one  another  very  closely* 

STIM;  Hhat  type  of  tissue  culture  assay  was  that? 

P5UTSCH !  Essentially  the  Dulbecco  technique* 

STIM;  I  recall  at  the  last  meeting,  Dr*  Schwartz  had  quite  a  bit  of  diffi¬ 
culty  in  getting  successful  results  with  this  method,  I  as  quite  siircrised 
that  have  accomplished  it  at  this  time. 

SSUTSCM;  It  is  difficult  to  get  it  started,  but  once  you  do,  you  can  get 

good  results. 
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Figure  2,  Inactivation  of  WEE  Virus  by  Beta-propiolactone  in  pH  6.60 
Phosphate  Buffer. 
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HANGUN;  I  might  add  that  we  have  done  a  similar  experiment  in  years  past 
with  sulfur  and  nitrogen  mustards,  and  the  slopes  of  the  inactivation  ctfrves 
have  been  the  same  irrespective  of  the  test  system  that  we  used*,  Where  wc 
could  use  the  virus  in  the  egg  embryo  and  the  same  virus  intercerebraliyj 
and  perhaps  by  injection  into  the  paw,  the  slope  of  the  inactivation  curve 
was  the  same.  The  absolute  points,  of  course,  changed  due  to  the  infectivity 
of  the  host.  I  have  taken  both  these  data  and  Dr.  Beutsch's  data  recorded 
here  to  indicate  that  whatever  we  are  doing  to  the  virus  has  to  do  with  soae- 
thing  at  the  cellular  level.  There  seems  to  me  to  be  no  doubt  but  v^hat  these 
alkylating  aigents  are  affecting  the  virus  so  that  it  behaves  differently  at 
the  cellular  level,  either  in  the  adsorption,  or  at  some  subsequent  point  in 
the  reaction,  and  not  prior  to  that, 

REDDISH;  Is  it  possible  to  determine  the  numbers  more  accurately  by  ^  vitro 
tests  (that  is,  on  the  plates)  than  by  ^  vivo  tests? 

DSDTSCH;  It  seems  to  take  more  virus  particles  to  make  one  plaque  that  way  on 
a  plate  than  to  infect  the  animal.  This  strain  of  virus  has  been  used  for  a 
long  time  on  mice,  and  then  we  started  to  measure  it  by  chick  fibroblast  tissue 
culture.  It  took  more  virus  particles  to  get  a  plaque  than  to  kill  a  mouse, 

REDDIffl;  It  would  depend  upon  which  virus  you  used  too,  wouldn't  it? 

MANGUN;  When  you  prepare  a  mass  of  cells,  you  undoubtedly  get  growth  of  on3/ 
a  small  percentage  of  those  cells,  whereas  the.  virus  is  probably  absorbed  ou 
cells  irrespective  of  whether  they  are  living  or  dead.  In  your  host  system, 
a  higher  percentage  of  colls  are  viable,  and  this  may  be  a  key  factor  in  the 
sensitivity  or  the  titer  differences, 

DSUTSCHt  We  don't  know  exactly,  but  I  know  this,  that  comparing  the  two 
results,  either  it  takes  a  nuat>er  of  (particles  to  make  a  plaque,  or  it  takes 
a  fraction  of  a  virus  particle  to  infect  a  mouse, 

DDSyiCK;  In  other  words,  the  term  "viable"  means  several  things? 

SCHWARTZ;  No,  in  this  case  viability  means  the  ability  to  attach,  eater, 
and  reproduce.  If  any  one  of  these  stages  fails  to  occur,  you  may  not  have  a 
viable  virus.  If  it  doesn't  attach,  then,  of  course,  it  isn't  a  viable  virus. 
If  it  doesn't  reproduce  in  the  cell,  it  can't  be  called  a  viable  virus.  And 
if  it  isn't  released,  you  won't  know  whether  it  is  a  viable  virus.  So  all 
those  things  have  to  take  place  before  our  criterion  of  viable  virus  is  met, 

El'.'-^LEY You  have  to  be  careful  of  the  term  sensitivity  as  opposed  to  accuracy, 
lie  ran  into  something  analogous  to  this  in  working  with  Pasteurslfla  .tali^rpasi^s 
r-hi.1!:  crying  to  compare  plate  count.s  with  infectivity,  We  found,  ih  one  par^ 
instaacc.  that  wo  were  getting  an  LD^q  of  one-third  of  an  organism 
ccop-.o-cd  to  plate  counts,  }x-!<-.au3e  the  plate  count  was  not  as  sensitive  as  the 
l  i  ,’i  ty  Lo  the  animal,  I  think  the  important  thing  is  to  determine  the 
A"  of  the  pariicular  technique. 
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DKUTSCH;  That  is  an  e^qierience  comparable  to  ours, 

HALVDR30N  ( Ill » ) ;  But  still  you  say  it  takes  so  many  to  produce  a  plaque* 

I  do  not  think  that  is  true. 

PgJTSCH;  I  don't  mejm  that  they  Kill  cooperate  in  producing  the  plaque;  I 
mean  in  "order  to  form  a  plaque,  you  must  have  that  number  present,  Tlien  it 
is  probable  that  one  of  them  is  going  to  give  us  a  plaque.  I  don't  mean 
that  they  all  stick  together  to  a^ke  a  plaque, 

MANGDN;  As  I  mentioned  before,  the  obvious  interpretation  here  has  to  be 
that  the  nxaaber  required  is  very  high,  because  we  are  quite  certain  that  in 
Ota*  test  systems  in  the  animals  the  number  of  particles  required  is  very  high. 

We  have  all  these  dynamic  operations  that  are  going  on  to  neutralize  a  large 
percent  of  the  virus  so  that  xe  are  actually  not  counting  particles  as  stated, 
but  are  counting  proportionality,  and  that  is  about  as  far  as  we  could  go.  We 
would  hope  that  eventually  we  would  get  such  fine  tissue  cells  that  even  a 
single  virus  woxild  be  capable  of  reproducing,  and  thus  that  each  virus  par¬ 
ticle  was  capable  of  infecting.  In  that  case,  we  would  get  a  one-to-one 
ratio,  but  I  don't  think  anyone  has  approached  that  in  a  viral  system, 

BALVOkSOy  (Mich, ) ;  Do  you  have  *tny  information  on  the  direct  court  of  particles 
by  electron  microscopy? 

gAHOPN:  No,  we  do  not.  But  even  then  the  electronlcrograph  would  show 
whether  the  particles  were  viable, 

EALVDRSDK  (Mich,);  No,  that's  true,  but  it  might  give  you  a  little  closer 
base  line  for  comparison.  I  think  it  has  been  done  with  Influenza  A,  I 
think  it  would  be  important  to  have  as  many  observations  of  this  multiplicj  ty 
effect  where  you  can  get  cooperative  effects.  If  you  are  going  to  be  dealing 
with  a  very  large  multiplicity  effect  per  cell,  then  this  may  influence  your 
kinetic  interpretation, 

DEPTSCH;  Of  course,  the  multiplicity  effect  applies  only  to  an  animal  like 
a  mouse.  You  can't  get  thaa  with  a  plate, 

HaLVORSQN  (Mich,);  Well,  you  can  get  this  effect  with  bacteriophage,  I 
don't  know  whether  it  has  been  done  with  the  influenza, 

DSUTSClh  Me  diluted  out  the  virus  to  the  exter.t  where  we  feel  certain  that 
the  influence  of  individual  -.'irus  particles  did  not  overlap, 

ff^LVORSQN  (Hich,)  :  If  you  do  not  know  the  number  of  particles  that  you  are 
deai  jru’  v/ith,  how  do  you  know  how  much  to  dilute?  The  multiplicity  effects 
•  re  f-eooriliy  iiround  8,  10,  and  35.  If  you’don't  know  the  number  of  total 
eeri  !<:*:■'  yev!  have,  then  you  don't  know  exactly  what  it  means  unless  you  know 
fr,  .  :  f-  wi  ll  cause  infcclion  in  the  mouse,  which  is  an  ajisuaption. 
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MAKGUN;  ¥ell,  the  multiplicity  ffect  actually  has  to  arise  in  a  single  cell. 
The  genetic  viral  units,  in  the  phage  work  at  least,  have  to  be  placed  in  a 
single  host  cell  in  order  to  effectively  put  together  all  the  necessary  ele¬ 
ments  for  reproduction,  zmd  this  has  to  be  at  the  unicellular  level, 

DEUTSCH;  It  is  very  unlikely  that  this  is  going  :o  happen  because  there  are 
thousands  of  cells  on  a  plate,  and  to  show  multiplicity  on  a  plate,  you  have 
to  have  the  remarkable  coincidence  of  two  virus  particles  hitting  the  same 
cell. 


Now,  I  would  like  to  discuss  our  studies  with  alanine.  The  points  on 
Figure  3  were  obtained  experimentally.  The  curve  tiiat  i.s  drawn  there  is  a 
theoretical  curve  worked  out  from  the  experimental. data.  You  will  notice 
that  under  these  circumstances  the  reaction  is  fairly  constant  and  very  slow 
up  to  about  pH  7,  and  then  starts  rising,  not  in  a  straight  line,  but  in  what 
looks  very  much  like  a  titration  curve.  I  would  like  to  tell  you  how  we  cal¬ 
culated  the  velocity  of  reaction  of  the  amino  and  ammonia  groups  from  these 
data.  First,  at  the  very  low  pH’s,  the  concentration  of  NH3'^  is  feu*  greater 
than  the  concentration  of  NH2,  so  we  can  assume  as  a  first  approximation  that 
the  reaction  at  very  low  pH's  is  due  solely  to  the  reaction  with  NH3  .  Taking 
that  as  the  first  assumption,  we  would  then  assume  that,  at  any  other  pH,  the 
measured  velocity  is  merely  the  sum  of  two  things:  the  velocity  constant  due 
to  NH3‘*’  times  the  concentration  of  NH3‘*‘  and  the  velocity  constant  due  to  NH2 
times  the  concentration  of  WI2.  So  we  can  takfe  every  .measured  data  and  detach 
from  ii  how  much  of  it  is  due  to  NHg'*’,  because  we  look  it  up  to  get  a  series 
of  values  for  K.  The  same  procedure  was  used  successfully  at  25°C,  as  shown 
in  Figure  4. 


However,  when  we  studied  the  velocity  of  the  reaction  between  alanine  and 
propiolactone  at  37°C  (Figuixs  5)^  we  we:ren’t  able  to  fit  a  curve  to  the  data 
well  using  the  pK  in  the  litera.ture.  The' solid  line  is  the  curve  obtained  by 
using  pK  in  the  literature,  pK  10.45.  We  got  a  much  better  fit  if  we,  repeated 
the  calculations  using  a  pK  at  10.00.  There  is  one  point  I  would  like  to  make 
very  cloar.  At  the  lower  pH's,  predominates.  At  higher  pH's  there 

is  more  NH2  present  and  the  reaction  with  NH^  predominates.  Where  HK3'*' 
predominates,  the  reaction  is  very  slow  and  as  a  matter  of  fact,  the  points 
on  thi.o  curve  are  the  differences  between  two  sn^ll  numbers  because  we,  of 
course,  correct  our  data  for  the  reaction  of  propiolactone  with  water  zmd 


hydroxy'l  ion.  That  correction  is  of  the  sane  order  of  magnitude  as  the 
measured  velocity  at  the  lower  pH''-  Therefore,  due  to  the  nature  of  this 
matter,  wo  cannot  obtain  NH3''’  w  i  any  degree  of  accuracy.  But  we  can  get 
NHj?  very  accurately  because,  under  conditions  where  it  predominates,  the 
ccrr-ection  is  a  j,rsall  fraction  of  the  observed  velocity.  The  next  curve 


(Figure  6)  Ls  for  phenylalanine  and  propiolactone.  It  is  similar  to  the  others. 
I  hnvc:  given  only  one  curve  for  phenylalanine  and  propiolactone  because  I 
coiiM  nr.  i:  find  pK  value.®,  for  phenylalanine  at  temperatures  other  than  25°C  in 
ih*;  lilorature.  Apparently  no  one  has  bothei-ed  to  find  the  pK  of  phenyl- 


;'.t  any  other  temjjcrature  so.  although  we  have  kenetic  data,  we  can't 


truci  curves  to  fit  them  except  by  guessing  the  pK. 


minutes' 


0.03 


Figure  3.  Velocity  of  Reaction  of  0.2  M  Alanine  with  Beta-propiolac  i-one 
at  I5OC. 
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Fifturs  4.  Velocity  of  Seaction 

at  250c. 


minutes 


15 


HEINE;  These  are  pseudo  first-order  constants,  aren't  they,  because  you 
are  holding  one  reagent  in  great  excess? 

DEUTSCH;  Yes,  there  is  a  constant  alanine  concentration,  so  that  is  why 
i  t  i  s  li  . 

HEINE?  Couldn't  you  get  the  second  order  constant  by  dividing  by  the  con¬ 
centration  of  the  one  in  excess?  After  atll,  you  have  a  reaction  going  on 
between  the  alanine  and  the  lactone.  Couldn't  you  get  a  second  order  con- 
stzmt  out  of  that? 

1 

DEUTSCH?  No,  because  this  K  is  equal  to  the  sun  of  the  concentration  of 
NH3*  times  the  velocity  constant,  and  the  is  equal  to  the  sun  jf  the 
concentration  of  NH2«  There  are  two  things  here,  and  you  can't  separate 
them. 

HKNE;  I  wonder  how  these  K's  for  the  NH2  conq)are  with  Bartlett's  work 
with  propiolactone  and  amines,  RNH2,  where  we  have  the  NH2  group  alone 
without  having  the  acid  group.  Are  they  comparable? 

DEUTSCH;  I  don't  remember  the  value  for  the  amino  group,  I'm  familiar  with 
Bartlett's  studies, 

‘  Yoi.  0  3£  y  i;.at  the  NH3‘*’  reaction  is  very  much  slower  than  the 

St  ■>  reaction,  irom  the  A.H  amd  CiS's  here  the  free  energy  of  the  two  reac¬ 
tions  are  almost  the  same  (different  by  one  kilo  calorie)  so  you  wouldn't 
expect  much  difference  in  the  reactivity.  In  the  NHo,  the  entropy  is  help¬ 
ing  the  reaction  go  much  faster.  This  is  positive  64  units,  while  in  the 
NH3*  the  entropy  is  hindering  the  reaction  even  though  you  have  a  lower 
energy  of  activation  (13,000  calories),  but  A. S  comes  out  19  for  tbs  first 
one  and  20  for  the  second,  approximately.  You  would  think,  according  to  the 
data  that  you  have  in  the  first  table,  that  these  two  reactions  would  be 
going  at  a  comparable  speed, 

DSJTSCH ?  All  it  tells  us  is  that  they  have  the  same  temperature  coefficient, 

HEINE?  The  free  energy  of  activation  determines  the  rate  of  reaction  and 
that  is  made  up  for  your  two  constants, 

DEUTSCH;  That  is  at  a  constant  tfemperatiu*e, 

HSINS?  Over  a  10°-,  15°-  or  20°-rangc,  there  is  not  going  to  be  much  dif¬ 
ference,  That  is  not  going  to  affect  your  i^H's, 

DEUTSCH;  Let  us  go  on  to  Table  II„  I  told  you  that  we  determined  these 
Ys-lucs  using  statistical  techniques,  and  that  enabled  us  to  get  the  standard 
rteviatioii  of  the  value.  In  this  tabic,  you  will  see  that  we  know  NH3+ 
v?ith  a  very  low  order  o^  accuracy,  and  that,  so  far  as  we  can  tell  from  our 

for  the  two  different  kinds  of  as\irio  groups,  charged  and  un- 
’  o-:-;;.:!  .  ;rro  not  aifected  by  the  presence  of  phenyl  groups  at  the  end  of  the 
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TABLE  IT.  VELOCITY  CONSTANTS  FOR  REACTION  OF  PROPIOUCTONE  WITH 
CHARGED  AND  UNCHARGED  AMINO  GROUPS  AT  25°C 


Molecule  Bearing  the  Group 

^NH2^  —  Std.  Deviation 

Deviation 

Alanine 

0.0039  2.  0.0038 

1.466  + 

0.004 

Phenylalanine 

0.0100  +  0.0036 

i  .  il4  + 

0.001 

I  would  like  next  to  introduce  a  concept  relating  the  various  rate  con¬ 
stants  to  the  practical  effectiveness  of  such  compounds  as  beta-propiolactone . 

G,  H.  Mangun  has  shown  that  the  effectiveness  of  a  virucide  (  (  c  dt)  is 
proportional  to  (Cq  -  C)/k(j,  where  Cq  amd  C  aire  its  initial  and  final  concen¬ 
trations  and  k(j  is  the  specific  reaction  rate  of  its  disappearance  from 
solution. 

Let  us  consider  a  v’^-ucide  reacting  until  its  concentration  reaches  some 
arbitrary  fraction,  i/n  of  C^l  Then 


(n-l)Co 

—  ■  • 

nkd 


(1) 


Stippose  we  have  a  virus  suspension  with  an  initial  ID5Q  of  T^.  The  in¬ 
stantaneous  virus  titer  at  any  time,  t,  can  be  calculated  from  the  expression 

antilog  T  »  (antilog  1^)6  -  c  dt  ,  (2) 

where  T  is  the  instantaneous  titer  and  k^^  is  the  velocity  constant  for  virus 
inactivation. 

Substituting  (1)  in  (2),  we  au-rive  at 

antilog  T  =  (antilog  TQ)e  -  —  (3) 

from  which  it  is  apparent  that  the  total  effectiveness  of.  a  Virucide  is  pro- 
ortional  to  if  the  measure  of  its  total  effectiveness  is  the  drop  in 

iter  produced  when  virus  is  exposed  to  ar  initial  concentration  of  virucide, 
o,  and  is  left  in  contact  with  the  virucide  to  drop  to  an  arbitrary  and  pre- 
s  u'TC*.  b  1  y  i  n  effective  1  e  ve  1 ,  C  ^/n . 

lei  ve;  adopt  ar,  a  measirrc  of  total  effectiveness  T.E.  =  k^/k..  When 
rp.'.ninneous  (thermal)  inactivation  of  virus  occurs  at  an  appreciable  rate, 

^  ■!  have  to  be  corrected  for  it. 
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For  convenience,  let  us  consider  one  liter  of  solution.  The  argun^nt, 
hoxever,  will  apply  to  any  VDltane. 

The  velocity  constant  of  vintcide  disappearance  (a  pseudo  first- 
order  reaction)  is  (per  liter): 

moles  virucide  reacting  with  solution  constituents  (4) 

^  “  virucide  concentration  x  minutes 

The  velocity  constant  of  virus  inactivation  (a  second-order 
reaction)  is: 

_  virus  particles  reacting  with  virucide  _  .  (5) 

i  "  virus  particles  per  liter  x  virucide  concentration  x  minutes 

If  one  molecule  of  virucide  inactivates  a  virus  particle  (which 
we  have  always  found  to  be  true),  the  nui*er  of  virtjs  particles  reacting 
with  virucide  equals  the  number  of  virucide  molecules  inactivating  virus. 

Let  us  call  this  quantity 

The  nuuber  of  virucide  molecules  reacting  with  solution  donstituents 
is  N  (Avogadro’s  nunber)  times  the  nui^r  of  moles  of  virucide  so  reacting. 
Let  us  call  this  product  Then  from  (4), 

^ _ _^d _ _ 

“  virucide  concentration  x  minutes 

Now,  we  defined  T.E.  as  ki/k^.  From  (5)  and  (6), 

T.E.  =  lUi  ■  Xi  X _ _  • 

kd  Td  nxunber  of  virus  particles  per  liter 

T.E.  can  thus  easily  be  converted  to  the  ratio  of  amount  of  viru¬ 
cide  inactivating  virus  to  the  amoimt  of  virucide  being  decomposed  by  other 
solution  constants.  To  becotne  this  ratio,  it  must  be  divided  by  N  auid 
multiplied  by  the  number  of  virus  psirticles  per  liter.  If  one  virus  particle 
constitutes  an  infectious  unit,  this  latter  figure  is  0.693  antilog  IDcq.  At 
any  rate,  for  a  given  set  of  starting  conditions,  T.E.  is  proportional^ to  the 
effectiveness  ratio  described  above.  Table  III  contains  total  effectiveness 
data  for  beta-propiolactone  for  both  the  influenza  ^d  NEE  viruses. 

You  will  notice  that  sorao times  we  get  two  figures  for  the  same  thing, 
and  that  is  because  we  measured  it  twice  and  didn’t  gev  the  same  answer  both 
times.  The  first  place  this  occurs  is  for  influenza  A  reacting  at  pH  6.60 
in  phosphate  buffer  at  15'- C.  The  figures  were  obtained  with  two  different 
pools  of  influenza  virus,  so  I  don't  think  the  agreement  is  too  bad.  The 
second  time  this  occurs  is  with  Western  equine  encephalomyelitis',  which  I 
am  sure  all  of  you  realize  is  abbreviated  NEE.  There  are  two  figures  for 
Ur'  raU  of  reaction  of  propiolactone  with  solution  constituents  (Kd), 


(6) 

(7) 
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TABLE  III,  TOTAL  EFEECTIl-SNESS  DATA  FOR  PROPIOIACl’ONE 


Virus 

EH 

Buffer 

Temp. 

k- 

T.  E. 

Influenza  A 

5.64 

acetate 

15  OC 

22.6 

0.000575 

39,300 

6.60 

phosphate 

15° 

26.7 

0.00169 

15,800 

27.7 

16,400 

25° 

38.9 

0.00637 

6,110 

37° 

116 . 1 

0.01983 

5,860 

7.54 

150 

29.4 

0.00479 

6,140 

REE 

6.60 

15° 

11.9 

0.00228 

5,220 

30° 

54.2 

0,0125 

4,340 

7.54 

15° 

13.0 

0.00309 

4,200 

0.00404 

3,220 

22.5° 

25.9 

0.C0710 

3,640 

30° 

49.0 

0.0153 

3,200 

8.55 

borate 

15° 

12.S 

0.00144 

9,000 

3o° 

46.7 

0.00847 

5,520 

9.60 

15° 

15.8 

0  00427 

3,720 

0.1/0330 

4,820 

300 

68.5 

0.0176 

3,890 

which  sight  indicate  that  we  have  two  figures  for  a  pure  chemical  reaction, 
but  it  is  not  a  pure  chemical  reaction.  The  solution  constituents  include 
pieces  of  aousebrain  homogenate  and  the  variability  due  to  the  different 
reactions  of  sousebrain  homogenate.  I  believe  that  there  is  some  evidence 
that  mousebrain  homogenate  catalizes  the  disappearance  of  propiolactone ;  so 
we  have  two  figures,  and  the  total  effectiveness  is  calculated  from  both.  You 
can  C03P  to  two  or  three  conclusions  from  this  table:  low  pH  favors  greater 
total  effectiveness,  low  temperature  favors  greater  total  effectiveness  and 
the  buffer  has  an  effect.  For  a  given  buffer,  low  pH  and  low  teiqjeratures  are 
desirable  to  increase  total  effectiveness.  However,  it  is  nice  to  use  a  buffer 
such  as  borate,  which  doesn’t  react  with  your  alkylating  agent,  rather  than 
one  like  phosphate,  that  does. 

SEDDISH ;  This  is  on  virus  of  influenza  A;  a  lot  of  work  has  been  done  with 
the  Melbourne  strain.  I  wondered  whetl^r  you  have  made  any  comparative  tests 
with  the  Melbourne  straiti? 

3SUTSCH;  No,  these  are  adl  PR8  strains.  There  is  another  bit  of  information 
that  I  would  like  to  add  now.  Re  did  one  experiment  to  test  the  total  effac- 
tivenu.’is  theory.  We  actually  deterirdned  total  effectiveness  by  using  lo**: 
coiicenlr-ttions  of  virucide.  'Kithia  a  reasonable  time  the  virucide  was  all 
,‘;onC‘,  and  we  determined  its  total  effectiveness.  There  was  quite  a  bit  of 
Vrriability  in  the  exj^eriinents,  but  the  results  were  consistent  with  this 
i-  i.!';’  t;-'  correct  hypothesis. 
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MAN50N;  This  particular  work  was  done  for  two  reasons,  first  of  all,  it  is 
inipTf^nt  to  any  application  of  this  particular  agent  to  know  now  "’uch  it 
tSes  to  do  a  certain  job.  This  is  important  in  any  possible  future  uses 
that  the  Detrick  group  might  want.  Another  reason  why  I  w  •  ntensely  inter- 
esteH  in  it  was  a  discussion  I  got  into  with  some  verj'  comp.:.ent  virologists 
about  whether  to  use  a  low  pH  or  high  pH,  and  high  teB9>erature  or  low  temp¬ 
erature.  In  general,  the  virologists  who  were  doing  the  work  were  very  much 
ia5)ressed  by  the  velocity  of  the  reaction  and  relatively  unimpressed  by  the 
end  results,  particularly  because  the  most  valid  test  system  they  had  best 
measures  the  short  term  high  velocity  reaction.  In  applying  this  to  hum^ 
plasma  in  the  inactivation  of  homologous  serum  hepatitis,  no  one  would  adhere 
to  my  idea  to  keep  the  pH  and  the  ten^ierature  low,  and  yet  I  was  sure  I  was 
right,  from  fairly  authoritative  experiments.  The  present  experiments  are 
sufficiently  accurate  to  prove  the  point,  and  there  is  no  doubt  about  it  any¬ 
more.  It  was  very  difficult  to  convince  anyone,  however,  until  these  data 
were  really  tied  down.  As  a  result,  some  of  the  work  of  others  on  human  in¬ 
fections  with  homologous  serum  hepatitis  were  carried  out  under  the  least 
favorable  conditions  for  getting  inactivation  of  the  virus.  Those  that  I 
personally  carried  out,  in  which  I  stuck  to  the  thesis  of  low  pH  and  low 
temperature,  all  worked  fine,  and  the  subsequent  work  may  or  maj-'  not  have 
been  seriously  different  from  what  would  have  been  obtained  if  it  had  been 
rupeateti  in  the  original  fashion. 


iftDDISH:  The  same  is  true  of  chlorine  compounds.  In  the  alkaline  range,  they 
don ' t  work  well  until  we  get  down  co  pH  7,  and  then  they  begin  to  be  much  more 
active. 


MANGUN:  Yes,  it  certainly  is  pH  dependent,  as  are  so  manyother  inhibitors. 

DDBNICK:  I  would  like  to  mention  the  importance  of  the  rate  of  disappearance 
of  the  vlrucide  as  pointed  out  by  experiments  with  ethylenim^e .  The  rate  of 
inactivation  of  the  virus  is  very  much  slower  with  ethylenimine  than  it  is 
with  propiolactone.  However,  the  total  effectiveness  of  ethylenimine  is  per¬ 
haps  twice  as  great  as  the  total  effectiveness  of  the  lactone. 

l4tNARDS:  There  is  one  point  I  keep  insisting  on  getting  on  the  record  every 
year;  this  is  the  third  conference,  and  it  is  the  third  time  I  have  made  this 
poiht.  I  am  sure  the  question  arises  in  many  minds  as  well  as  in  mine,  I 
think  the  data  you  have  obtained  here  are  really  good,  and  that  it  is  really 
important  to  know  exactly  how  fast  and  how  effective  the  virucide  xs  under 
various  conditions  of  pH,  temperatures,  time;  concentration,  etc.  I  still 
fail  to  see  how  the  kinetics  of  the  reaction  calculated  in  any  manner  whatso¬ 
ever  leads  you  to  any  understanding  of  the  mechanism  by  which  thi.t  inactivation 
has  taken  place,  especially  as  a  result  of  all  the  variables  in  force,  I  want 
to  point  out  again,  just  for  the  record,  that  in  the  past,  any  efforts  that 
have  been  made  to  get  at  the  mechanism  of  a  biological  reaction  by  kinetic 
data  has  led  to  almost  complete  disaster  in  most  cases.  Now,  I  know  the 
question  is  in  many  people's  minds  at  this  time.  I  fail  to  see  what  we  have 
r.'.iued  by  these  kinetics,  other  than  the  useful  data  which  you  can  use  for 
T)r-:u' 1 1  f' ,1  i  purposes . 


20 


DEUTSCH :  Ke  can  eliminate  certai  n  mechanisms  by  kinotics.  Certain  mechanisms 
are  incoropatible  with  the  kinetically  derived  data. 

LEONARDS;  Well,  I  will  go  along  with  that. 

DEUTSCH;  Sometimes  you  have  to  supplj'  yourself  with  indirect  evidence  for 
seeing  whether  mechanisms  would  seem  reasonable.  I  admit  that  you  can't  say 
that  because  of  the  kinetics,  the  mechanism  is  so-and-so.  You  can  say  that 
because  of  the  kinetics,  the  mechanism  cannot  be  so-and-so. 

SKIPPER;  Why  did  you  pick  on  alanine? 

MANGUN;  This  was  set  up  as  the  first  of  a  series  of  similar  studies  on 
other  reactive  groups.  It  was  a  matter  of  getting  at  one  of  the  most  fre¬ 
quently  recurring  groups  on  the  surface  of  proteins,  to  gain  some  understand¬ 
ing  of  the  facts. 

SKIPPER:  The  only  point  I  would  make  is  that  in  the  work  with  mustard,  which 
may  or  may  not  be  appropriate  to  this  discussion,  it  takes  so  much  musteu*d  to 
inactivate  an  enzyme  system  vitro,  that  it  almost  rules  out  this  type  of 
reaction  with  proteins.  I  mesm  the  fact  that  it  takes  something  in  the  order 
of  about  a  l/lO  molar  solution  of  mustard  to  inactivate  most  enzyme  systems 
that  have  been  studied,  whereas  the  concentrations  that  have  caused  profound 
effects  on  cell  division  and  even  death  in  zmimals,  are  a  thousandfold  less 
thah  that. 

DEUTSCH;  We  ai^  interested  in  microorganisms. 

SJOPPER;  Oh  yes,  I  am  fully  aware  of  that,  but  I  assume  there  are  no  clini- 
cians  among  us,  and  I  assume  the  group  feels  that  one  biological  system  isn't 
too  much  different  from  others. 

PCTTSCH;  Well,  you  can't  say  in  our  set  of  circumstances  trat  one  concentra- 
tion  is  effective  and  another  isn't.  It  is  just  that  one  concentration  takes 
a  certain  time,  and  another  takes  a  longer  time. 

SKIPPER ;  I  agree.  Howevei ,  some  of  the  activity  of  compounds  like  the  mus¬ 
tards  would  suggest  to  me  that  we  aren't  dealing  with  reaction  of  an  alky¬ 
lating  agent  on  amino  groups. 

MANSUN;  I,  myself,  am  r  v/inced  that  beta-propiolactone  is  acting  in  a  manner 
analogous  that  of  the  mustards.  Dr.  Deutsch  and  I  have  discussed  this  in 
the  ar,d  I  only  agreed  to  it  after  the  arK’Jment  that  this  was  a  study  of 

ami  no  groups.  This  could  be  a  study  of  an  amino  group  substituted  on  ary  one 
ot  :•  Muodred  different  iystemi' ,  Including:  the  purines,  pyrimidines,  and  other 
r-lalo  ;  C'  .  al;..  I  think  that  reflects  our  own  feelings  on  it.  I  feel,  as 
'  ^  tha  M-t  is  rery  doubt  that  these  alkylating  agents  are  get- 

:  r t'  .T;i  o  1  nuebne  arid  oysters,  as  sowo  of  ^our  work  has  shown. 
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SKIPPER;  Well,  another  thing  that  has  convinced  me  is  the  fact  that  such 
extremely  small  amovints  of  alkylating  agents  like  triethylene  melamine,  and 
nitrogen  mustards,  will  inactivate  a  biological  system  of  the  transforming 
principle  type  at  about  10"'^  molar  in  five  minutes.  No  other  type  of  ageni 
or  antimetabolites  will  do  this  at  all,  and  here  you  have  anuine-  active 
biological  material  which  gives  a  compatible  observation  at  io«  concen¬ 
tration. 

DEUTSCH ;  The  reason  we  started  with  alanine  was  that  it  is  the  easiest  one 
to  study.  It  is  soluble  and  easy  to  get  in  high  concentration.  By  no  means 
do  we  intend  tostop  here,  and  by  no  means  would  we  draw  conclusions  from  this 
very  limited  study,  but  we  feel  that  a  study  of  the  amino  acid  is  necessary'  in 
addition  to  the  studies  of  the  purines  and  pyrimidines. 

SKIPPER;  Oh  yes,  I  certainly  agree  with  that.  I  think  your  studies  on  the 
amino  group  compared  to  the  aumnonia  type  ar-v  very,  very  interesting.  I  just 
wondered  and  want  to  get  cleared  up  in  my  mind  your  feeling  about  the  primary 
biological  site. 

DEUTSCH :  Me  don't  know. 

HALYOKON  (Mich. ) ;  If  I  might  put  in  a  point  here,  I  agree  with  Skipper  on 
the  importance  of  the  nucleic  acid.  Me  have  been  following  that  for  some 
time,  too.  But  I  would  like  to  point  out,  first,  that  you  are  dealing  with  a 
system  that  has  to  germinate,  which  requires  something  special  that  is  no', 
involved  in  the  nucleic  acid  metabolism  as  near  as  is  known  from  the  work  of 
Flttjames  and  others.  Second,  you  are  involved  with  a  system  which  must  pri¬ 
marily  be  absorbed  on  a  receptor  cell,  and  you  know  that  the  ghost  cells  can 
absorb  even  without  nucleic  acid.  So  you  have  here  the  possibility,  in  both 
of  these  test  systems  you  are  using,  of  key  fundamental  primary  steps  which 
appear  not  to  involve  nucleic  acid.  I  think  that  one  should  not  be  over¬ 
whelmed  then  by  the  nucleic  acid  ^ta  in  dividing  biological  cells.  There 
is  quite  a  difference,  first,  between  the  growth  of  E  coli  and  the  germination 
of  the  spore  and,  second,  in  the  absorption  of  vimis.  biologically,  they  are 
fundamentally  different.  You  have  the  possibility  of  sotBo  other  receptive 
center  which  is  specific,  maybe  sensitive  as  certain  specific  enzymes  are,  to 
particularly  low  concentrations  of  inhibitors,  and  I  think  one  should  have  a 
pretty  broad  viewpoint  at  this  time. 

SKIPPER:  I  think  anyone  should  have  a  broad  viewpoint ,  but  you  are  going 
into  matters  here  of  about  five  years  and  about  $10,000,000  worth  of  research 
on  the  nitrog.;n  mustards  when  you  make  a  sxatement  like  that. 

IIALV ORSON  (^iich) :  That  may  be  very  true,  but  there  is  enough  evidence  here 
that  nucleic  acids  are  not  involved  in  the  early  steps  which  may  be  sensitive 
hero,  points  which  laay  be  checked  without  $5,000,000  worth  of  research. 
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DUBNICKt  At  the  last  meeting,  jind  again  Loda^’,  we  emphasi.  ed  the  importance 
of  anal^King  our  data  statistically.  At  the  last  casting,  I  was  of  the  opinion 
that  our  kinetic  results  on  the  inactivation  of  WRE  virus  with  ethylene  oxicte 
i-' licated  no  effect  of  pH;  however,  in  Figure  7,  it  is  apparent  that  there  is 
a  significant  difference  in  the  reaction  rate  between  the  reaction  carried  out 
at  pH  6.6  and  that  carried  out  at  pH  9.6.  Again  in  Figure  8,  showing  inacti¬ 
vation  of  KEE  virus  by  ethylene  oxide  at  30*^0,  there  is  a  statistical  signifi¬ 
cance  in  the  difference  between  the  reaction  at  pH  6.6  and  at  pH  9.6,  The 
raw  01  this  reaction  increases  with  increase  in  pH.  Also  the  reaction  is,  as 
in  the  case  of  beta-propiolactone ,  second  order;  that  is,  first  order  with 
respect  to  virucide  and  first  order  with  respect  to  virus.  Several  months 
ago  we  studied  the  inactivation  of  HEE  virus  with  ethylenimine  ,  and  we  de¬ 
tected  a  great  deal  of  variability  within  the  ethylenimine,  depending  on  the 
source  of  the  virucide  and  on  the  pool  of  virus  which  were  used.  In  Figure  9, 
it  is  apparent  that  ethylenimine  obtained  from  the  various  sources  and 
ethylenladne  used  on  different  pools  of  virus  gave  divergent  results.  However, 
with  one  source  of  ethylenimine  and  one  source  of  the  virus,  we  got  the  kinetic 
results  in  Figures  10  and  11.  Here  the  etliylenimine  (Cherairad)  was  used  as  it 
came  from  the  bottle,  and  we  used  one  particular  pool  of  HEE  virus.  Again, 
the  reaction  is  second  order  as  evidenced  by  the  fact  that  different  concen¬ 
trations  of  virucide  multiplied  by  time  all  fall  on  the  sau&e  curve.  In  the 
absence  of  any  statistical  analysis  on  these  data,  I  make  no  claim  whether 
reaction  rate  is  affected  by  pH.  It  will  take  many  more  points  oecause  the 
results  are  not  in  a  close  agreeisent  as  the  results  were  with  beta-propiolactone 
3Lnd  ethylene  oxide.  lo  get  r.  significant  statistical  result  you  need  many  more 
points.  I’he  reaction  is  about  l/lO  or  l/l2  as  fast  with  ethylenimine  as  with 
beta-propiolactone.  However,  the  total  effectiveness  which  we  talked  about 
before  is  greater  with  ethylenimine  than  it  is  with  beta-propiol  •.  tor».  In 
a  recent  experiment  where  we  used  100  mllligirams  per  liter  of  beta-propio^ 
lactone  at  pH  6.6  and  15®C,  the  beta-propiolactone  dropped  the  titer  of  ¥EB 
virus  about  twice  as  much  as  ethylenimine  at  the  end  of  24  l.iurs.  At  the  end 
of  48  hours,  the  ethylenimine  wzis  beginning  to  catch  up,  and  at  the  end  of 
about  70  hours,  they  were  about  equal,  and  there  was  still  plenty  of  ethyl- 
cnimine  left.  Now,  I  don't  say  an  equimolar  quantity  of  ethylenimine  compared 
with  the  amount  of  propiolactone . 

He  al.so  collected  seme  data  on  inaictivation  of  WEE  virus  by  ethanol. 

Figure  12  shows  the  results  of  some  of  these  experiments.  It  seems  that  we 
get  at  least  two  different  rates  of  inactivation.  In  the  beginning,  the 
rate  of  inactivation  is  much  more  rapid  than  it  is  later  on.  One  possible 
reason  for  a  decrease  in  the  rate  of  reaction  is  that  there  is  a  non-vniformity 
in  the  virus  pool.  There  is  a  large  percentage  of  virus  susceptible  co  de- 
naiuratinn  and  a  small  percentage  of  virus  less  susceptible  to  denaturation. 

Th(  !  hermodyna-mic  characteristics  of  this  reaction  were  what  one  would  expect 
of  ienaturation  reaction.  The  for  this  reaction  is  around  40,000 
crti dries,  and  the  of  activation  is  about  200  calories,  he  continued  our 
f! M'lrrh  by  investigating  certain  group  speciCtc  re, agents. 


Best  Available  Cc" 


B3DO 


250,000  500,000  750,000  1,000,000  1,250,000 
CONCENTRATION  x  TIME,  mg/L  x  rr.in. 


KEY 

Concentration, 

ag/liter 

pH 

B'xffer, 
0.15  M 

Corrected  Second-order 
Velocity  Constants, 
liter  / sole-ffiinute 

O 

15.000 

6.60 

Phosphate 

-0.339  +  0.021 

D 

30,000 

6.60 

Phosp’nate 

E 

30,000 

7,54 

Phosphate 

if 

30,000 

9.60 

Borate 

-0.415  ^  0.005 

4 

45,000 

6.60 

Phosphate 

j  n-’.  c  I  i  vh 
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loo'ooo  206]oOO  300I000  400‘,009 


CONCENTRATION  x  TIME,  mgA.  x  min . 

Corrected  Second-order 


KEY 

Concentration, 

mg/liter 

pH 

Buffer, 
0.15  H 

Velocity  Constants, 
liters/mole -minute 

AS* 

cal  cal/° 

® 

7,500 

9.60 

Borate 

-1.82  +  0.08 

16,500  -3.0 

0 

15,000 

6.60 

Phosphate 

-1.46  +  0.08 

16,300  -4.2 

@ 

15,000 

9.60 

Borate 

A 

30,000 

6.60 

Phosphate 

A 

30,000 

9.60 

Borate 

i'lgux-G  8.  Inactivation  of  ’rfEE  Virus  by  Sthylene  Oxide  at  30°C, 
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O  POOL4,UNREDISTILlED 

A  POOL  3,  REDISTILLED 

X  POOL  3,  UNREDISTILLED  * 

60^000  120,000 
CONCENTRATION  X TIME,  mg/Lxmin. 


Figure  9,  Inactivation  of  WEE  Virus  from  Two  Different  Pools  by 
Ethylenimine  (Chemirad)  at  30°C  in  0.15  M  Phosphate 
Buffer,  pTI  7.54. 


200,000  400,000  600, 

CONCENTRATION  x  TIME,  mg/L  x  min. 


KEY 

Concentration, 

mg/liter 

pR 

BxsTfer, 
0.15  H 

O 

6,000 

6.60 

Phosphate 

6,000 

9.60 

Borate 

A 

12,000 

6.60 

Phosphate 

A 

12,000 

9.60 

Borate 

10,  Inactivation  of  ¥EE  Virus  by  Unredistilled  Ethylenimine 
(Chemirad)  at  15°C.  The  average  titer  before  treataient 
was  T.4,  and  the  approximate  was  0.7  liters  per 
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60,000  120,000  180,000 

CONCENTRATION  xTIME,mg/L  x  min. 


KEY 

Concentration, 

reg/liter 

pH 

Buffer, 
0.15  M 

0 

6,000 

6.60 

Pho&phate 

® 

12,000 

6.60 

Phosphate 

0 

12,000 

7.54 

Phosphate 

A 

6,000 

9.60 

Borate 

A 

12,000 

9.60 

Borate 

Figure  11.  Inactivation  of  ¥EE  Virus  by  Unrsdistilled  Etaylvnimine 
(Chemirad)  at  30®C.  The  average  titer  before  treatment 
was  7.4,  and  the  approximate  K2"  w*s  fcizr  liters  per 

■  'te,  the  a]r)proximate  AH'",  20^000  calories,  and 

■■'iTiatC  fj.-.  rr— n;.-,  _ 
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Acetic  amhydride  is  knoim  to  react  with  aiaino  groups.  Wo  found  that 
acetic  anhydride  will  give  inactivation  of  KEE  virus,  but  it  is  much  too 
rapid  to  measure,  even  at  zero  degrees.  Dinitrofluorobsniene  is  not  quite 
as  specific  as  acetic  anhj/dridide,  but  it  inactivates  WEE  virus  at  a  rate 
which  we  were  able  to  measure  emd  for  which  we  were  abl®  to  obtain  the  data 
in  Figure  13.  The  reaction  is  second  order  as  evidenced  by  the  fact  that 
both  saturated  2ind  half-saturated  dinitrof luorobenzene  at  any  temperature 
fall  on  the  saune  line.  The  thermodynamic  characteristics  of  the  reaction 
between  TJEE  virus  a  id  dinitrof  luorobenzene  are,  I  think,  .similar  to  tnose 
obtained  with  other  virucides.  In  general,  I  think  it  is  fair  to  say  that 
we  cannot  exclude  reaction 'with  amino  groups.  They  possibly  are  responsible 
for  the  thermodynamic  characteristics  which  we  observed. 

HALvOkSON  (Mich. ) ;  When  testing  a  very  short  time  interval,  do  you  romove 
your  material  by  dilution,  or  how  do  you  recover  your  virus  or  your  spore 
free  of  the  chemical? 

DUBNICK;  The  material  is  removed  by  dilution.  The  concentration  of  viru- 
cide  is  fairly  low. 

HEINE;  Is  it  at  all  worthwhile,  after  you  have  the  reaction  take  place 
with  dinitrof luorobenzene ,  to  hydrolyze  the  reaction  mixture  and  uae  paper 
chromatography  to  find  out  what  amino  acids  were  affected  by  this  dinitrc- 
f luorobenzene? 

DUBNICK;  You  have  to  make  3tu*e  of  the  amino  acid  content  of  the  virus, 
and  you  would  have  to  use  a  Ibt  of  virus. 

SCHWARTZ;  Such  work  can  very  well  be  done  with  the  tobacco  mosaic  virus, 
where  we  know  fairly  well  the  aunino  acid  contents,  and  we  can  produce  as 
large  an  amount  of  viruses  as  you  want.  We  could  vdry  well  use  a  system 
of  that  nature.  You  can  get  a  relatively  pure  tobacco  mosaic  virus,  where¬ 
as  in  these  systems  we  have  much  proteinaceous  material. 

SKIPPER;  I  think  that  those  would  be  very  interesting  studies  and  seem  to 
provide  a  very  direct  means  for  examining  the  problem. 

HALYORSON  (Mich, ) :  Wouldn't  it  be  better  to  go  io  the  phage  systems  where 
you  can. get  large  quantities  that  you  can  purify  and  obtain  the  internal 
components  free  from  the  cell  walls  with  a  relatively  sifl9>le  technique? 

True,  it  wouldn't  tell  you  about  the  animal  phages,  but  you  could  get  clues 
which  you  could  follow  from  that  more  readily. 

DUBNICK :  Ke  tried  the  effect  of  a  specific  reactant  for  sutiliydryl  groups. 
However,  when  iodine  is  used  in  the  presence  of  large  amounts  of  potassium 
iodide,  the  agent  which  is  supposed  to  be  specific  for  sulfl^dryl  groups, 
there  is  inactivation,  dependinfj  upon  how  much  iodine  was  used  and  upon  the 

1  -qv:-  re-.t  only  to  a  point,  .  '  '  there  is  no  longer  any  in- 

■  .  hi  Figiire  14,  there  ..  short  curves  showing  the 


CONCENTRATION  x  TIME,  mg/L  x  hr. 


Concentration,  AH  AS 

wg/liter _ K2-  calories  cal/degree 

550  (satd.)  2.7  21,000  33.5 

1129  (satd.)  15.8 

satd. 


Inactivation  of  WEE  Virus  by  Dinitrofluorobenzene 
in  0.15  H  Phosphate  Buffer,  pH  6.60. 


TIME,  minutes 


Inactivation  of  HEE  Virus  by  0.01  N  Iodine  at  Various 
Temperatures  in  the  Presance  of  0.2  N  Fotassiua  Iodide 
in  Phosphate  Buffer,  pH  fi.fio. 
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reaction  between  HEE  virus  and  iodine,  and  illustrating  the  fact  that  there  is 
an  IjBSsdiate,  quite  rapid  decrease  Jn  titer  after  which  there  is  no  longer  any 
decrease  in  titer.  Figure  15  shows  acre  accurate  curves  obtained  for  inacti¬ 
vation  of  B  subtllia  var.  niger  spores  with  iodine  under  sulfh,ydryl-inRctiva- 
ting  condiTions.  li  can  t>e  j^own  that  these  data  can  be  treated  as  indicating 
an  ordinary  cheaaical  equilihriua.  The  equilibrium  constant  can  be  calcitlated 
for  the  reaction,  and  it  can  be  shown  that  the  forward  reaction  is  about  10,000 
tiffies  *ore  riq>ld  than  the  reverse  reaction.  But  with  the  virus,  with  BEE  virus 
aa^ow,  it  would  then  be  impossible  to  reverse.  It  would  be  impossible  even  to 
atteiiq»t  to  reverse  iodine  inactivation  with  thioglycoUate ;  we  tried  it,  and 
there  is  no  virus  left  at  the  end  of  the  proper  lengtij  of  time*  With  spores, 
now  that  we  have  a  very  clean  spore,  it  may  be  possible  to  do  this  without  giv¬ 
ing  them  a  chance  to  germinate.  Thus  wo  might  let  them  go  for  about  a  month, 
then  try  to  reverse  with  thioglycoUate,  and  see  if  there  is  actually  sn  equi¬ 
librium  reaction  or  if  we  are  actually  getting  a  reaction  with  the  sujfhydrl 
group. 

agPrS&i  I  would  like  to  introduce  two  speakers  from  Southern  Kese^u'ch  Insti¬ 
tute  to  continue  the  discussion  of  inactivation  of  viruses. 

SCHABKLi  As  you  probably  all  know,  we  have  a  program  which  is  pr  jaarily  screen- 
ing  f^or  activity  of  compounds  against  B  subtilis  var.  niger  spores  that  we  get 
from  BetrleX,  Micrococcus  pyogenes  aureus,  «ind  1B&  virus,  fou  probably 
have  all  seen  the  proceedings  and  saw  thr  techniques  that  we  used,  and  they  prob¬ 
ably  do  not  need  any  review.  The  three  sheets  of  Table  IV  list  the  coaq)ounds 
that  w*a  havs  to  have  aesm  setirity  against  either  S  5ubtj.lis  vsr.  niger 

spores  or  WEB  virus  or  both,  I  have  not  put  on  amy  of  data  in  regard  to 
Staphylococcus  vegetative  cells  because  the  vast  majority,  if  Indeed  not  all  of 
these,  will  have  some  activity  against  that  organism  ^  vitro,  and  it  is  ay 
opinion  at  this  time  that  a  good  sporicidal  agent  is  protmbly  going  to  have 
activity  against  most  vegetative  cells.  The  numbers  listed  on  the  table  are 
milligrams  ..per  liter,  of  the  active  agent  in  Ihe  test  system.  The  prefix  '*nc»g" 
mezuis  inactive;  for  example,  under  sodium  peroxide,  we  found  tiiat  it  waa  active 
at  10,000  milligrams  per  liter  or  one  percent,  but  inactive  at  1,000  milligrams 
per  liter.  If  there  is  no  negative  figure  listed,  it  indicates  that  we  haven't 
tested  it  at  a  concentration  lower  tham  that  indicated.  We  have  found  that  many 
of  tlfle  coBq>ounds  that  you  are  all  faaiiliar  with  are  active  in  vitro  against  II 
subtilis  var.'  niger  spores,  and  we  have  also  foiaid  that  many  surface  active  ” 
agenTriSave.  reprwjuciblm  activity  in  the  test  system  that  wo  used  against  WEE 
virus.  The  material  in  Table  V  includes  data  -thtt  we  have  coUeefBd  on  combi¬ 
nations  of  (a)  a  compound  that  has  activity  against. B  subtilis  var.  niger  spores 
plus  (b)  a  compound  that  has  activity  against  WEE  viinisi  The  rationale  here  may 
not  be  good,  but  we  thoi^ht  that  we  could  combine  cheaicals  which  were  active  on 
the  one  hand  against  spores  and  on  the  other  against  viruses  and  get  a  mixture 
which  was  active  against  both  agents  and  perhaps  increase  tbs  activl'ty  of  the 
compound  against  spores.  There  is  not  -very  much  by  way  of  comment  that  I  can 
make  on  these.  Essentially,  we  have  found  that  none  of  these  combinations  have 
a  striking  increased  effectiveness.  There  is  one  example  that  perhaps  may  be 
pertinent  here.  On  page  6  of  Table  V,  we  have  dichloroamir®-T  plus  Triton  1-102, 

B  r'  -.-u  fil’d  that,  at  a  level  of  5,000  milligroas  per  liter,  Triton  X-102  in 
c; :  .  rnation  with  dichloroatmi:  -T  is  apparently  considerably  more  active  against 
h.v:.h  \-ir\xv.  than  ai-onc^ 


LOG  SPORE  CONCENTRATION 


Figure  15,  Inactivation  of  B  subtilis  var, 

niger  Spores  by  Iodine  at  15°C  in 
the  Presence  of  0.012  M  Potassium 
Iodide  in  Phosphate  Buffer,  pH  6,60, 
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tabu:  IV- 


COHPOroiDS  KUH  ACTITin  IN  VTIRO  AOAINSI  SPORES  AND/OS  TO'JS 


Active  CoDcentri^t  •  i.3nj 


Oxidizing  Agents 


B  subtilis  var.  nigcr 


¥EE  virus 


Sodium  peroxide 
Bromine 

N-Bromosuccinimide 

N-Chlorosuccinimide 

N-Bromoacetamide 

Iodine  raonochloride 

Dibromatin 
N-Iodosuccinimide 
Sodium  hypochlorite 
Iodine 

Potassium  permanganate 
Calcium  hypocMorite 
Globaline  (Tetxaglycine 
hydroperiodide ) 

Dichloramine  T  (N,N-Dichloro- 
£-toluenesulf onamide ) 


10,000;  neg  1,000 
10,000;  5.000;  1,000 
10,000;  5,000;  1,000 
10,000  thru 
10,000;  5,0b0;  1,000 

10,000;  5,000;  1,000 

10,000;  5,000;  1,000 
10,000  thru  625 
10,000 

J.0,000;  neg  1,000 
10,000;  1,000 
10,000;  1,000 

10,000;  5,000;.  1,Q00, 


10,000 

10,000 

10,000;  neg  5,000 
10,000;  neg  1,000 
10,000;  5,000; 

neg  1,000 
10,000;  5,000; 

neg  1,000 
10,000;  neg  5,000 
10,000;  neg  5,000 


10,000;  5,000;  neg  1,000 


Aldehydes  and  Ketones 


Bromoacetone 

Glyoxal 


Bromal 


<iydlDibromopropional 

*Sr<rtonaldehyde 


/dlBromopyruvaldehyde 

Paraf orma Idehyde 


10,000;  1,000 

10,000;  5,000;  2,500; 
l,250?act. 


10,000;  neg  1,000 
10,000;  b/.'OO; 

neg  1,000 

10,000;  5,000; 

neg  1,000 
10,000;  neg  1,000 
10,000;  neg  1,000 
10,000 


Acids 

Chloroacetic  acid 
js-Chloropropionic  acid 
E:-o-,noatetic  acid 

or;:.* -n-butyric  acid 
C c:  n  z e  ne oh  o  s  ]3h  0 n  i  c  ac  i  d 
Anthranilic  acid 
H  - *  1C  ?iC 
A -P.ro.nioirop icni c  c i  d 
;  OI'  T'K"';  rcu'f  i.  ;>hono  ]. 


10,000 

10,000 

10,000;  neg  5,000 
10,000;  neg  5,000 
10,000 
10.000 
10,000 

10,000  10,000 

10,000;  0,000;  2,500; 

1.250;  625 


Active  Concentration, 

Surface  Active  Agejats  subtilis  var,  iiiger 


2-£-tert -butyl  phenoxyethyl 
ester  of  scdiiua  sulfosuccinic 
acid.  (Sxirface  Active  Agent 
BPE,  American  Cyanamid) 

C13H27  ester  of  sodium  sulfosuccinic 
acia  (Surface  Active  Agent  TR, 
American  Cyanamid) 

Stearyl  dimethyl  benzyl  ammonium 
chloride  (Triton  K-60;  cationic) 

Alky 1- dime thy  roenzylammonium 
chloride  (Roccal) 

^SCODYNE  (Rest  Disinfecting  Co) 
live  ingredients 
foiyethoxy  polypropoxj- 
Qthanol-iodine 
complex  -  -  -  -  -7.755 
Nonyl  phenyl  ether  of  polyethylene 

glycol-iodine  ccaplex  - 3.755 

provides  1.65  available  iodine 
Octylphenoxy',  polyethoxy  ethanol 
(Triton  X-102;  nonionic) 

Alkylated  arj'l  polyether  sulfate 
(Triton  K-30,  cone;  anionic) 

Alkylated  aryl  polyether  sulfate, 
sodium  salt  (Triton  770,  cone; 

•  anionic) 

Alkyl  aryl  polyester  alcbhol 
(Triton  X-138;  nonionic) 

Virac,  n-(Capryicolamino  forrayl- 
methyT)-pyrimidium  chloride 
(120,000  ppm)  plus  iodine  (30,000 
ppm)  (Ruson  Laboratories) 

Alkylated  arj'l  polyether  alcohol 
(Triton  X-100;  nonionic) 
Di~(2-ethylhexyl)  ester  nf  sodium 
sulfosuccinic  acid  (Aerosol  0  T) 
Sodium  tetradscyl  sulfate 

Cetyl  dimethyl  benzyl  ammonium 

chloride 

M--cetyl-K-ethj^l-morpholinium 
cthosulfate  (0-263;  cationic) 


mg/L _ 

■WEE  virus 


10,000 


10,000 

10,000 

10,000;  5,000 
1,000;  neg  500 
57,500;  28,750 


10,000;  neg  1,000 

10,000;  1,000; 
neg  100 


10,000;  1,000 
10,000;  neg  1,000 


10,000 

10,000 

10,000;  neg  5,000 
10,000;  5,000; 
nsg  2,500 

10,000;  neg  1,000 

10,000 


Phenols 


Active  Conceatration,  ag/L _ 

B  subtilis  vaur.  aiger  lEE  virus 


3(o-Niirobenzylideneainino)  phenol 

4-Chlororesorcinol 

Picric  acid 

I^sol 

Phenol 

Hexy Ires ore inol 

2{ffi-NitrobenzylideneaBiino)  phenol 
£-^hloromerciariphenol  10,000  thru  625 


10,000 

10,000 

10,000 

10,000;  1,000 
10,000 

10,000;  neg  1.000 
10,000 


Lactones 


/^Propiolactone 


10,000;  neg  1,000 


10,000;  5,000; 

1,000 


Epoxides 

1,  2-Bpoxy-3-butoxy  propane 

Butadiene  diepoxide  10,900;  neg  1,000 

Epibroaohydrln 


10,000 

10,000;  neg  1,000 
10,000;  neg  1,000 


Heavy  Metals 

Mercuric  chloride 
£-Chloro«ercuriphenol 
(also  under  phenols) 
Silver  nitrate 


10,000  thru  156.25 
10,000  thru  625 

10,000 


Ethylehimines 


2,  2-Dimethylethyleniraine  10,000 

N-Exhylethyleninins  10,000 

Ethylenimine  10,000 

N-PVienj'lothj'lenimine  10,000 


Miscellaneous 

2,  4-Diniirof luorobenzeae  10,000 

U  1023  Opjc'hn  10,000;  neg  5,000 


TA3LE  V.  EESULTS  OF  THE  TESTING  OF  COMBINATIONS  OF  ACTIVE  COMPOUNDS 
FOR  IN  VITRO  ACTIVITY  AGAINST  SPORES  AND  VIRUS 


Cone. 

B  subtilis 

REE 

CcsQioTmd 

mgA 

var.  niger 

virus 

N-Ch  lor  osuc  c  iniid-de 

5000 

7 

2500 

7 

1250 

7 

1000 

6 

- 

625 

7 

500 

2 

312.5 

7 

250 

2 

- 

156.25 

5 

125 

- 

Roccal 

2000 

2 

(Alkyl-demethyl  ben zy 7 ammonium  chloride) 

ICOO 

3 

* 

** 

500 

2 

4 

250 

1 

>3 

N-Chlorosuccinimide  + 

loom 

rr 

A 

Roccal 

loooj 

f 

4 

500i 

300J 

7 

4 

2501 

250J 

3 

2 

N-Chlorsucciniraide 

1000 

6 

625 

7 

600 

2 

312.5 

7 

250 

2 

156.25 

5 

125 

- 

He  xj'  Ire  soncinol 

5000 

6 

2500 

6 

1250 

- 

6 

N-Chlorosuccinimide  + 

lOOOl 

6 

iso ;q.,’ res  one  inol 

5000J 

sool 
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Coi>90imd 


Cone.  B  subtilis  IBS 

agA  var.  niger  virus 


N-Chlorosuccinifflide 


Paraf  ormaldehyde 


N-Chlorosuccinimide  + 
Paraf  orma Idehyde 


1000  6 

625  7 

500  2 

312.5  7 

250  2 

156.25  5 

125 

10,000  7 

5000  7 

2500  2 

1250  1 


loodl 

10,000/  ' 

50C1  , 

5000J 
250i 

2500J  ^ 

312.5')  „ 

1250  /  ' 

312.^ 

625  r  5 

312.^  4 

312.5/ 

625'1  „ 

625j  ' 

625  1  7 

312.5/ 

156.251,  o 

312.5  / 


6 

6 

6 


6 

6 

5 


N-Chlorosuccini«ide 


Glyoxal 


N-Chlorosuccinimide  + 
Glyoxal 


1000  6 

500  2 

250  2 


5000  -  6 

2500  -  6 

1250  .  ’ 


loool 

5000/ 

5001 

2500J 

2501 

125u/ 


4 

3 

1 


6 


4 
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Conpound 


Cone.  B  subtilis 

mg/L  var.  niger 


N-Chlorosuccinimide 


1000  6 

500  2 

250  2 


Lysol 


1000 

500 

250 


N-Chlorosuccinimide  + 
I^30l 


loodl, 

lOOQ, 

500l 

50a 

250'1 

25Qr 


N-Chlorosuccinimide  1000 

^'500 

250 

Triton  W-30  (anionic  alkylated  aryl  5000 

polyether  sulfate)  2500 

1250 

N-Chlorosuccininide  +  lOOoL 

Triton  W-30  5000J 

500i 

2500) 

25® 

1250) 


6 

2 

2 


N-Chlorosuccinimide 


1000  6 

500  2 

250  2 


Triton  X-102  (non  octylphenoxy  5000 

polyethoxyethanol)  2500 

1250 

N-Chlorosucciniraide  +  1000*1 

Triton  X~102  500(^ 

50^ 

2500) 

2501 


1250J 


WEE 

virus 


5 
2 

6 

2 


6 

6 

6 

6 

6 


5 

5 

2 


M  cn  O) 
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Cone . 

B  subtiiis  WEE 

Coiq>oimd 

rug/L 

var .  niger  virus 

N-Chlorosuccinimide 

625 

ry 

i 

312.5 

7 

156.25 

5 

78.12 

2 

£-Chloromercuriphenol  sulfonic  acid 

2500 

7 

1250 

7 

625 

7 

312.5 

3 

156.25 

- 

N-Chlorosucciniad.de  + 

62^ 

2-Chloromercuriphenol  sulfonic  acid 

2500j 

1 

312.51 

7 

1250  J 

1 

156.2^ 

0 

N-Iodosucciniadde 

10,000 

6 

5000 

- 

2500 

- 

1250 

7 

625 

7 

312.5 

7 

156.25 

7 

lysol 

5000 

» 

2500 

- 

1250 

1000 

4 

625 

- 

500 

- 

250 

_ 

10,00(51 

looqf 

500oi 

5m 

125ol 

500^^ 


N-Iodosucciniffiide  + 
Lysol 


2 
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Coapound 


Cone.  B  sub  tills  >?EE 

mg/L  var.  niger  virus 


N-Iodosucc  iniolide 


10,000 

5000 

2500' 

1250  ^  7 

625  7 

312.5  7 

156.25  7 


5 


Roccal  1000 

(Alkyl-dinethyl  benEylanmonium  chloride)  500 

250 


>3 

4 

1 


N-Iodosuccinindde  + 
Roccal 


10,000l 


2 


6 


N-Iodosuccltdmide 


10,000 

5000 

2500 

1250  7 

625  7 

312.6  7 

156.25  7 


6 


Triton  ¥-30  (anionic  aUcylated  aryl 
polyether  sulfate) 


10,000 

5000 

2500 

1250 


6 

6 

5 


N-Iodosuccihimide 
Triton  ¥-30 
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Coapound 


Cone .  B  subtilis  WEE 

lag/L  var.  niger  virus 


Dlchloroaaine  T 

(N,N-Dichloro-£-toluenesulf  onaaide ) 


10,000 

5000 

2500 

1250 


3 


Triton  X-102  (nonionic  octylphenoxy  5000 

polyethoxyethanol)  2500 

1250 


>2 

>2 

1 


Dichloroamine  T 
Triton  X-102 


Dichloroasiine  T 

10,000 

• 

(N.N-Dichloro-ti-tolue«esulf«"»"»ide) 

i^nnn 

w  w 

o 

- 

2500 

- 

1250 

- 

Roccal 

1000 

3 

>3 

(Alkyl- dimethyl  benzylammonlua  chloride) 

500 

3 

4 

250 

2 

>3 

Dichloroaaine  T  + 

10,000' 

a 

Roccal 

lOOQj 

► 

D 

5000] 

2 

100^ 

ti 

>3 

50(B 

2500] 

L 

2 

SOQj 

250(Ji 

250J 

2 
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Bichloroanine  T  + 
Triton  K-30 


^BroBopropionic  acid  10,000  7  :?3 

5000  2  2 

2500  2 

1250 
625 

Triton  X-102  (nonionic  ociylphenoxy  10,000 

polyethoxyethanol)  5000  -  >3 

2500  -  >3 

1250  -  - 

625 


<J«-BroB!opropionic  acid  + 
Triton  X-102 


10,000^ 

SOOOJ 


250{J1 

12505 


7 

2 

2 


6 


6 


>3 
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Cone.  B  subtilis  WEE 

Coapound  mgA  var- 


^-Bronopropionic  acid 

10,000 

7 

6 

5000 

2 

>3 

2500 

2 

- 

1250 

- 

625 

- 

Paraf onna Idehyde 

10,000 

7 

- 

5000 

7 

- 

2500 

5 

- 

1250 

2 

ArBrcaoprepioule  Acid  + 

10,000^ 

L 

7 

6 

Paraf  onaaldehyde 

10,0001 

r 

5000^ 

i 

7 

1 

5000, 

1 

250tf 

1 

2500J 

£>Chloronercuriphenol 

5000 

7 

2500 

7 

1250 

<7 

1 

1000 

3 

-> 

625 

3 

500 

312.5 

2 

250 

’ 

156, 

.25 

1 

Triton  W-30  (anionic  alkylated  aryl 

5000 

6 

polyether  sulfate) 

2500 

- 

3 

1250 

- 

3 

p-ChloroBjercuriphsnol  ♦ 

Triton  B^30 

5000") 

sooqT 

7 

25001 

7 

2500j 

12501 

L 

7 

1250J 

r 

1 

loocn 

500QJ 

>4 

5001 

L 

2500j 

2501 

1250J 

>4 
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2-ChloraMrctirii^iiol 


Cone.  B  subtilis  IJEE 


5000  7 

2500  7 

1250  7 

1000  3 

625  3 

500 

312.0  2 

250 

156.25  1 


Tritm  X-102  (nonioole  octyl|ihwi<»qr 
polyvthoaqrethajiol ) 


5000 

2500 

1250 

625 


5  6 

>3  6 

2  6 
>2 


p«Chlorogmrcuri]^nol  5000  7 

2500  7 

1250  7 

1000  3 

625  3 

500 

312.5  2 

250 

156.25  1 

Soccal  2000  2 

(Alkyl-diaethyl  ben*yla*KmiuK  chloride)  1000  2  >4 

500  2  >3 

250  1  1 

125 
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hloraaercurlphenol  ♦ 
cal 


5001, 
500j^ 
312.51 
500  J 


2501 

150S 


>5 


>3 


>3 


V, 
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These  numbers  represent  the  number  of  logs  decrease  either  in  the  viable 
coujit  of  B  subtilis  var.  niger  spores  or  in  the  lI%o  viiois  inoculated 

into  wet  chicks.  A  decrease  of  six  logs  indicates  failure  to  recover  virus 
because  we  use  a  10“^  dilution  of  infected  mouse  brain  as  our  stock,  and  it 
is  infectious  in  dilutions  of  about  10“®.  Consequently,  if  we  decrease  the 
infectious  titerjfltmi  10"®  to  10"^,  we  consider  that  to  be  a  six-log  decrease, 
and  that  In^cates  that  no  viable  virus  was  recovered  from  these  mixtures.  A 
decrease  of  seven  logs  in  the  count  of  B  subtilis  var.  niger  spores  indicates 
the  same  thing  because  we  have  a  suspension  that  titrates  out  in  control  to 
about  10*^  spoi*es  per  milliliter.  I  am  anxious  to  have  comments  frraa  anyone, 
the  reaction  to  the  possibilities  or  probabilities  of  producing  or  finding  a 


usable  mixture  under  the  circumstances  such  as  I  have  described.  It  appeared 
to  me  that  perhaps  the  presence  of  a  surface-active  agent  would  increase  the 
activity  of  the  sporicide,  perliaps  by  increasing  contact  or  by  so?»  physical 
factor.  Without  belaboring  these  long  tables,  I  think  that  there  are  no  data 
present  to  Indicate  that  any  of  these  combinations  are  appreciably  much  better 
against  either  B  subtilis  var.  niger  spores  or  WEE  virus  than  were  the  indi¬ 


vidual  cbn^iiounds . 


There  has  been  some  activity  recently  by  commercial  firms  to  prepare  com¬ 
binations  or  conq)lexes  of  germicidal  agents.  These  eure  shown  in  Table  YI. 
Wescodyne  is  a  cotqtlex  of  Iodine  with  some  surface-active  agent.  We  used 
this  because  it  was  sent  to  us  from  Detrlck,  but  we  also  felt  that  it  was 
interesting  because  it  was  along  the  same  line  of  thought  that  we  were  per- 
sul-'g  at  the  time.  We  have? tested  Wescodyne  against  B  subtilis  var.  niger 
spores  and  WEE  virus,  and  in  the  very  high  concentrations  which  we  have 
tested,  you  can  see  that  it  is  quite  active_against  both.  We  haven’t  done 
anythii^  more  with  them  than  is  indicated  he-.^.  It  is  pertinent,  I  think, 
to  point  out  that  Wescodyne  has  a  rather  low  pH  in  active  solutions,  partic¬ 
ularly  at  the  high  concentratio^ns.  I  think  that  the  activity  against  WEE 
virus  as  indicated  here  can  b6'  p'3q)lained.  We  know  that  WEE  virus  is  quite 
susceptible  to  low  pH's,  even  in  the  absence  of  any  cherdcal  inhibitor.  We 
have  also  tested  a  commercially  available  combination  kaown  zt  Tirac,  which  is 
not  a  cmnplex  but  a  mixtu^  of ‘  a  surface-active  agent  and  iodine.  We  have 
found  that  this  material  is  active,  but  it  takes  relatively  high  concentra¬ 
tions  of  it  to  inactivate  either  B  subtilis  var.  niger  spores  or  a  virus. 
Certainly,  here  again,  if  one  doesn't  raise  the  pH  of  the  prepar^-tion  as  it 
is  available  conreerciallyjirhen  it  is  mde  up,  we  find  that  the  pH  is  quite 
low,  and  the  virus  inactivating  activity  is  considerably  depressed.  We  h  ve 
spent  considerable  ti?as  lately  investigating  a  variety  of  halogenated  com¬ 
pounds,  particularly  chlorosuccinimides ,  iodosuc cinimides,  and  bromosuccini- 
mides,  and  we  think  that  they  are  quite  interostiiig.  Dr.  Brockman  has  pre¬ 
pared  soma  cOTieents  on  the  activity  and  possible  usefulness  of  this  type  of 
cospound,  and  I  will  let  him  discuss  that. 

:  Wescodyne  has  been  publicized  all  over  tte  country,  and  I  have  had 
at  least  a  dozen  requests  from  state  organizations  to  determiie  what  it  will 
do  at  75  parts  per  million.  Did  you  try  it  at  that  level? 


Best  Available  Copy 


48 
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TABI£  Yl.  ACTITHY  ^  CCIilERCIALLY  ATAILABLS 
QETEBSSIfr'HALOGEN  MIXTIJIES  01  COHFLSHS 


mccona  (itst  DiaiBfMtiiif  co. ) 

AetlT*  iflcr«di«fitst 

polTpropooty  •thanol-iodiM 
co^ltx  7.75% 

Reogrl  plMnsrl  •thur  at  polj> 

•tlqrlMi  gls^ol-iodim  ccm{>1«x  3.75% 
Proildtt  1.69^  AVftiliibl*  iodine 
Inert  iagrediiiits  S8,S  % 


Active 


Agent, 

■g/L 

B  subtilis 
var.  niger 

lEE 

virus 

57,500 

7 

6 

28,750 

7 

6 

14,375 

7 

7,187 

7 

1,150 

7 

pH 

So# ore  After 


57,500 

Incubation  Incubation 

2.3  2.5 

28,750 

3.1 

2.9 

14,375 

6.9 

6.7 

7,187 

7.1 

6.9 

1,150 

7.2 

7.0 

TISAC 

n>  ( Caiurylcolaainof  oniylnethyl )  - 
pyridiniui  chloride  (120,000  ppn)  plus 
iodise  (30,000  ppi)  losoB  Laboratories 


10, 

10, 

10, 

10, 

10, 

10, 

10,000<4jiS/ 

10,000^*^ 


000  , 

oool^*s/ 


VfW"  ■  / 


1 

7  (M  pyogenes) 


7 

7 

>4 

6 


a,  pH  7.2 

b,  pH  4.2;  pR  adjusted  to  4  before  incubation 

c,  Final  dilutions  doi^  in  scdiuis  thiosiilfats 

rb  Virac-virus  mixture  diluted  in  serm-saline 
containing  5  ag/sl  of  soiiitm  thiosulfate 

c.  Diluted  in  buffer  pR  7.2 
r.  Diluted  in  buffer  pH  4.0 
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SCHABELt  No,  but  Bob  Eoffsac  has.  He  has  done  a  good  bit,  at  least  at 
lower  concentrations  than  we  have. 

HCMFiHAKt  We  have  a  little  '’ata  of  that  type,  but  not  a  great  deal.  ¥e 
f oun<i  IHat  it  has  little  activity  against  B  subtilis  var.  niger  at  75  parts 
per  aillion.  The  pH  is  very  low,  and  it  shows  good  activity  against  coli 
and  staphlococcus ,  as  you  might  expect. 

SCHABEL;  The  results  that  were  published  in  the  promotional  material 
were  quite  impressive,  I  thought;  didn't  you? 

HOroiAW:  tea. 

SCHABEL;  Well,  we  plan  to  do  a  good  deal  more  with  it,  but  we  have  just 
begun,  and  I  wanted  to  bring  it  in  because  it  is  an  interesting  example  of 
a  surface-active  agent  coatplexed  with  a  halogen. 

HALYOHSOW  (Mich. ) ;  Could  you  describe  your  test  procedure? 

SCMABEL;  The  test  prcce<!hire?  We  ianuhate  B  subtilis  var.  niger  spores  as 
we  get  ^he»  f rom  Betrick,  They ' are  mat  washed  spores ,  I  am  sure,  but  they 
don't  have  ^anywhere  near  as. moch  extrazwMs  material  as  do  our  virus  prepa¬ 
rations.  Tl»y  are  iiu:titMited  in  phosphate  bd^er  at  37^  for  hours  in 
the  presence  of  the  coa5)otind  sad  then  they  are  diluted  out  in  broth.  We 
are  now  using  skim  milk,^  as  is  tlw  group  at  Detrick,  for  diluting. 

HALYCBSON  (Mich.);  How  long  does  it  take  to  make  your  dilutions?  Is  it  a 
metier  of  mdbratesT 


SCHABEL:  Oh  yes,  it  is  a  matter  of  mizmtcs  say  have  ten  coapoiuids 

under  test,  and  the  tenth  one iwill  have  a  tea-mintte  time  lag  from  the  time 
you  started  the  dilution,  tait  the  indivldiial -dilution  sZ  a  single  compound 
or  e;q>oaure  ayatea  from  the  Urns  of  starting  to  the  10"*  diluticn  would  be 
certainly  less  than  two  minutes. 

BBOCKHAN;  Table  VII  is  a  summary  of  the  types  of  coa^ounds  we  have  screened. 
t  should  like  to  make  some  observations  on  the  ^  vitro  activity  of  N-Halomides 
and  irelated  coa^ounds  on  B  sabtilis  rar,  and  virus.  The  halogens 

are  known  to  be  rather  good~gamicides ,  and  in  aqueous  media,  at  lei  I,  a  part 
of  their  germicidal  activity  can  be  attributed  to  the  formation  of  h^pohalous 
acid,  oxygen,  and  halic  acids.  The  reaction  (tescribed  by  equations  1  to  5 
are  known  to  be  promoted  light. 


X2  +  H20  =  nx  +  HOX 


1  \ 
-  / 


2H0C1  =  2HC1  +  O2 
'’HOCl  »  2HC1  +  HCIO3 
5H0X  =  HXO3  +  2H2O  *■  2X^. 

2H20  +  2x2  i 


or  I 


(2) 

(3) 

(4) 

(5) 
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TABi£  TII.  SDMHABY  OF  CUSSES  OF  C(MPOUNIB  OBSERVED 
TO  HAVE  SPOKCIDAL  OR  VIEDCIDAL  ACTITITy 


Claag  of  CcNpo<o<i» 


Activity  Against 
B  sttbtilis 

rar.  aiger  virus 


I.  Organic  acids 

II.  Aldahydsa 

III.  Epoxides 

IV.  Ethylenisines 

V.  Lact(mes  (^-propiolactoiw) 

VI.  Oxidizing  agents 
VTI .  Organic  heavy  m tal  c  onpotmds 
VIII.  Phenols 

nc.  Surface  active  agents 


It  is  still  open  to  question  as  to  how  such  of  the  germicidal  activity  of 
halogens  is  due  to  hypohalout^aeid  and  oxygen  as  opposed  to  the  halogen  it« 
self.  Upon  testing  oaleiUB^fi^p^Sljlvite^  we  noted,  as. deny  others  have,  the 
marked  aotivltj  of- the.:  agent ^against  aioroorganisas.  The  activity  of  this 
compound  against  B  suhtilia  var,  aiger  led  to  the  testing  of  N-halogen  sub¬ 
stituted  coapOttn(!b  7oz%poissihle  ae^i^ty < in  our  aysteas. 

Chloramlne-T  was  without  activity,  but  dichloraadne-T  was  moderately 
active  against  6  aubtilis  var.  myr.  These  coapounds  loay  be  active  in  them¬ 
selves,  or,  in  aqueous  solution,  xKe  activity  may  be  attributed  to  hypochlorcus 
acid. 

Their  activity  as  gexaicides  has  been  variously  attributed  to  the  N- 
chloraaide  itself,  to  the  hypochXorcms  acid  foraed  on  hydrolysis,  to  the 
halogen  produced  by  decotqjositiba  of  hypochlorous  acid,  and  to  oxy^n  simi¬ 
larly  produced.  We  have  not  been  overly  concerned  with  the  classification  of 
these  confounds  according  to  their  possible  mode  of  action  because  were 
more  interested  in  the  activity  itself. 


An  extension  of  the  examination  of  N-halogen  substituted  coi^otands  shemed 
th't  the  N-halosucciniaides  possessed  appreciable  activity  even  in  ratl^r 
dilute  solutions.  N-chlorosucciniai<te  and  N-iodosucciniaide,  for  exa^le, 
inhibited  B  .■subtilis  var,  niger  spores  at  concentraticnis  as  low  m  O.C^ 
percent  N-bro»osucciniaide  cospietely  inhibited  It  at&tilia  var.  niger 
at  concent rat ions  of  0.1  percent,  the  highest  dilution  of  this  caapound 
examined  to  date.  The  N-halosuccinisddes  also  ap|»ar  to  inactivate  WEE  virus 
at  the  higher  concentrations  (one  percent  solutions).  N-brosoacetamide  and 
if  a  o- substituted  hydantOins  ,  l,3-dibromo-5,5-diffiethyl  hydaatoin  and 
h'..  -P-'snnropyl  hydantdin,  also  were  quite  effective  in  inactivating 

niger.  Examination  of  these  structm-os  shows  that  they  all 
/■  "asricn  the  0  x  or  0  X  erotiDinSi* 
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aqueous  solution  "  could  be  classed*  as  oxidizing 

-rtrof 

acids  reviewed  earlier. 


R-LI-R’  + 


.4«  /ar  tn+prest  for  several  reasons: 

Mb  have  l^ca'l^est  systems  used,  (b)  closely  related 

(a)  their  activity  in  ®titv^  and  (c)  the  consideration, 

o^^ds  ?f  /o;,ouuds  of  this  t„o  have  pre- 

fiJ^siTbd^u  tnf  i;;ioU«  cdthiug. 

It«  activity  of  these  has  bseu  around  since  1935 , 

aio4icarbora»idloe,  tao«u  as  siochlorasiide,  vhicn  na 
might  be  even  aore  effective. 


N-Cl 

H2K-W-N 


M.C1 

N-C-NH2 


This  compound  is  reported  £clu3^  aertm,  and  is  dc- 

-rberastirg  i-resting  if  true,  .e  plan  to 

examine  this  material  in  our  test  syst  . 

The  well-known  chlorandde,  halozone, 

HOOC-  ©  SO2-NCI2 ,  ^  ®  ^ 

closely  telsted  to  ^chU^e-T^  jrei^e^thi^^usqnhm-l- 

drinking  water  in  the  field,  ix  wiix 

The  third  compound,  which  Imj>reg- 

tection  against  sulphur-mustard  gas. 


This  compound  ■-'“dtivates  sulphu^Bust^d  gas  ^  »  ^^io^io!  ^It 

corresponding  sulfoaldc  and  ictivatiou. 

is  possible  that  this  compound  is  capable  oi  spo 
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CI-CH2-CH2 

y 

C1-CH2-CH2 


sulphur  snastara 


CI-CH2-CH2 

”^5  =  0 

/ 

CI-CH2-CH2 

sulfoxide 


CI-CH2-C-H 


£> 


V 


C  1-^H2  “CH2 


S  «  0 


Chlorosulf  oxide 


(10) 


To  sumarize,  tho  activity  of  halogens  and  inorganic  hypohalites  in  re¬ 
ducing  the  vii^ility  of  suspensions  of  B  subtilis  var.  niger  spores  and  WEE 
virus  Tad  to  the  testing  of  N-haloaaides  and  il-Kaloimides ,  which  were  also 
fotmd  to  be  activej  other  siallar  coapbunds,  which  are  readily  available, 
have  been  suggested  for  sxasdnation. 

SoMs  of  the  data'  supporting  the  work  1  tutve  nentioned  are  given  in 
Table  Vni. 

SKIPreR:  Did  you  say  sooe thing  about  the  stability  of  the  halogenated 
succIniadLde? 


BROCWi^;  I  couldn't  give  ajiy  actual i'igures  on  that,  but  they  are  probably 
available.  As  Dr.  Baddish  told  you  this  morning,  calcium  hypochlorite  is 
much  more  effective  in  acid  solution,  and  I  suspect  the  same  thing  would  be 
true  with  these. 

SKIPHSR;  Are  they  particularly  irritating? 

BROCKMAN:  Yes,  they  are  irritating. 

HALYORSON  ( Ill » ) :  Do  these  confounds  prevent  the  spores  from  geminating  or 
do  prs'ven'l:  •the  geminated  spore  from  growing?  I  know  that  you  can  have 
cither  one  happen.  Are  these  compounds  ones  that  kill  the  spore,  so  to  speak, 
or  do  they  per^t  the  spore  to  gemiaat®  and  then  the  vegetative  cell  is  so 
sensitive  that  it  is  killed?  r 

ggPFER:  I  don't  know  anything  about  this,  but  could  you  get  at  that  partic- 
ulaLr  quQstion  by  exposure  and  then  rapid  wash? 
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TABIE  VIII.  SUMMARV  OF  THE  ACnVITY  OF  N-HALOIMIDSS  ilND  IffiL4TED  Ctt’’  OUNDS 
(»J  B  SUBTILIS  VAR.  NIGER,  WEE  VIRUS,  AND  M  PYOGSNBS 


C«^<^)Oun<l 


Structure 


ChIor»«ine-T  0113-^^— SO2-HHCI 

Dichlorm*in«-T  SO2NCI2 


N-Chloroiucc 


N-lraBotucclnlaite 


K>Iodotacci:ilaid« 


N. B roBoac e t  a»  1  (te 


Cfl3-C-l«B-2r 


J ,3-Dibrooo-5,5- 
dteethyl  hydantoln 


(C«3) 


>>■ 

(H - b\ 


Cone . , 
R*/'l 

OJiwrved  Act 
5  •ubtllis 
rar.  niiter 

virus  g  pyossm  j 

10,000 

- 

10,000 

•(7),  >(7) 

♦ 

5,000 

♦(«),  t(3) 

* 

2.500 

- 

1.260 

. 

1,000 

- 

* 

10,000 

‘(7) 

♦(7) 

♦(I).  ‘(5)  ♦ 

5,000 

♦(7),  *(7) 

2,500 

♦<7),  *(7) 
*(7),  (6) 

♦(7) 

1.2SO 

»(7),  *(7) 
*(7),  ►(7) 

•{«) 

1,000 

*(6).  i(3).. 

<»  « 

6ZS 

•{«),  *(*) 

500 

S<3),  - 
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HALVORSON  (Ill.);  Yes,  it  caoi  be  approached.  I  know  thax  sra.e  of  our  spores 
have  been  stored!  for  a  long  tiKe  at  rooa  teaperature  in  a  cirj  state.  ¥3  count 
them  so  we  know  the  number  of  spores  present,  and  then  we  also  make  a  pi;  te 
count.  We  find  that  only  a  small  percentage  of  them  are  viable.  Tested  by 
change  in  penaeability  and  change  of  light  tr2Lnsmission,  it  was  perfectly 
possible  to  notice  the  spores  germinate,  but  they  subsequently  cannot  grow. 

It  would  be  interesting  to  know  what  effect  these  compounds  do  have.  If  it 
were  a  case  of  an  inactivated  spore  that  could  not  germinate,  then  we  might 
conceivably  imagine  that  things  could  happen  to  the  spore  to  remove  these 
agents  so  that  it  could  germinate  subsequently. 

.^LYOBSON  (Mich. ) ;  We  have  been  very  interested  in  the  kinetics  of  inacti- 
vation  of  various  strains  of  spores,  mostly  with  ethylene  oxide  as  the  in¬ 
activating  agent.  I  think  we  did  a  little  bit  about  it  last  year,  but  it 
tunis  out  that,  in  a  number  of  strains,  there  are  mixed  populations,  soma  of 
which  are  resistzmt  and  some  of  which  are  sensitive.  In  this  last  year  at 
Detrick,  they  actually  separated  the  resistant  fraction  from  the  sensitive 
fraction  of  spores  by  electrophoretic  mobility,  but  we  are  quite  interested 
in  knowing  what  type  of  kinetics  one  obtains.  With  B  subtilis  vac  niger, 
you  apparently  have  one  type  of  population  as  far  as”ethylece  oxide  is  con- 
cerned  in  separating  them  electrophoretically.  I  wonder  if  you  have  done  time- 
course  studies  on  some  of  these  other  compounds.  Do  you  have  any  indication 
of  a  mixture  of  sensitivities  in  population,  or  it  just  a  one-time  system 
in  which  you  make  your  assay? 

BROCKMAN;  Well,  this  is  actually  a  screening  program  using  a  fixed  time 
exposure  to  the  ngent.  It  mig^t  be  that  we  could  further  iimcti'rate  it  at 
shorter  times,  maybe  even  at  very  short  times. 


yNGUK;  I  would  like  to  add  just  one  comment  regarding  oxidizing  agents, 
there  are  many  viruses  that  are  highly  susceptible  to  oxidizing  agents,  even 
in  the  presence  of  organic  matter.  It  seems  that  WKE  virus  is  highly  sus¬ 
ceptible,  but  there  is  a  large  spectrum  of  viruses  that  are  virtually  non- 
susceptible  to  oxidation  until  you  go  clear  ovei  to  total  protein  denaturation. 
You  will  see.  this  in  the  presence  of  serum,  because  the  cocplete  change  is 
perfectly  visible  in  the  nature  of  the  protein.  A  number  of  viruses  we  have 
studied  can't  be  oxidized  until  you  destroy  everything  else  at  the  time. 


BROCKMAN ;  This  was  what  seemed  interesting  about  azochloraaide,  and  I 
wondered  if  anyone  here  had  had  any  experience  with  this. 

REDDISH;  Dr.  Brockman  compzured  to  the  theoretical  amoimt  of  lypochlorus 
acid  one  can  get  from  some  of  these  agents,  Hcpy  is  hypochlorus  acid  itself? 

BROCMAN :  Against  B  subtilis  var.  niger.  quite  good.  In  fact  we  Wve  used 
it  as  a  positive  control.  It  didn't  include  it  in  Table  VIII,  but  I  should 
havo  iticntioned  the  fact  that  it  is  so  good  that  we  use  it  as  a  positive 


•k  lYOUSON  (III.  ) :  i"'ha.t  arc  the 
■  pore.".  ver3U5i  vegetative  cells? 


compcirative  concentrations 


i'equired  to  kill 


SCHABEL;  We  haven’t  tested  the  vegetative  cells  of  B  snbtilis  var.  r.iger. 

HALTOBSCM  (Ill. ) ;  What  I  eta  thinking  about  is  the  fact  that  anthrax  spore, s 
require  ^5  paris  per  million  available  chlorir®  to  kill  them.  I  wanted  to 
get  the  order  of  magnitude  that  you  are  dealing  with, 

BKOCKHAS;  Well,  N-chlorosuccinimide,  which  requires  about  0.06  percent  and 
is  6dd  parts  per  million,  kills  just  about  as  well, 

KAYE;  3r.  i^illips  (Bact  Bev,  16,  135-138,  1952)  has  prepared  a  little 
compvriscn  table  on  tKe  relative  resistances  of  spores  and  vegetative  cells 
and  in  general,  there,  is  a  ten-thousandfold  difference  in  resistance  to 
chlorine  between  ap<K!res  and  vegetative  cells. 

HALVDHS^  (XU,):  If  you  are  looking  for  an  ideal  agent  for  spores,  you 
iiave  a  long  way  xo  go. 

KA^;  Well,  ethylene  oxide  shows  only  a  tenfold  difference  between  spores 
anil  vegetative  cells;  these  alkylating  agents  show  a  very  snail  difference. 
Howewr,  it  takes  a  lot  acre  ethylene  oy.i<te  to  kill  even  vegetative  cells. 

SKIPBSRt  I  am  sure  you  all  realise  that  Br.  Brockaan  and  Dr.  Schabel  have 
ei^>ioyed[  what  we  might  call  enlightened  eapiricisn  in  their  screening.  We 
think  that  there  are  two  ways  to  approach  this  problem  and  they  have  been 
discussed  today.  In  one  you  can  atuc!^  nodes  of  action,  and  in  the  second, 
you  can  u^ie  this  enlightened  ei^irical  i^jjhrciach.  I  would  like  to  be  per¬ 
mitted  to  nkfee  phllosb^Oal  reifc^.  We  worked  with  aiechanisas  a  lot, 
and  we  liked  to  think  this  death  lii»  is  a  logical  approach  and  is  really 
tte  thing  to  do.  Then  we  look  back  in  history  and  see  that  the  results  on 
the  other  side  are  much,  nuch  hitter  percentage -wise.  It  isn't  a  very 
flattering  thing  to  say,  but  I  can't  help  making  the  remazk.  Well,  going 
from  the  enlightened  ea^rical  to  the  cdi^lete  antithesis,  we  would  like 
to  hear  from  Dr.  Heine,  who  is  going  to  tell  us  about  the  mechanisms  in  the 
ethj’l'^niaines . 

HEiDffi;  We  are  presently  studying  tte  synthesis  of  vaurious  e  hylenimines 
auatPOteir  mechanisms  of  fonsation  and  reaction.  The  last  tijje,  I  reported 
to  you  about  the  mechanisms  of  formation  of  N-phenylethylenimines  from  the 
beta-halogenated  amines  in  the  presence  of  hydroxide  ion.  This  is  carried 
out  i-'  70  percent  ethanol  at  3(^.  We  established  that  the  reactic®  pro¬ 
duct  was  H-phsnylethylenimine  and  that  the  rate  of  release  of  br<^ide  ion 
satisfies  the  equation 

d(Br  .  k ' ( brosoamine )  k'Y<®)  ( brt^oaaine ) , 

whore  k’  represents  a  first-order  constant  for  an  internal  nucleophilic 
displaceisent  of  the  broftiine  hy  the  aniline  group,  that  is, 
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•CH2  ••CH2“Br 


H/CH2 

CeHs*  -  I  *  =■■■ 
N:h2 


+ 


“OH 


k2 

Fast 


*■ 


^6%  - 


.CHo 

r 

CB2 


+  H2O  , 


and  k2  represants  a  second-order  constant  fot  the  reaction  of  the  base  with 
N-^-bro«oethylanillne  to  for*  N-pHfeaylethylenijsine .  TVo  nechanisas  were 
postulated  for  tho  second-order  reaction.  One  nechanisa  involved  a  concerted 
attack  of  hydroxide  ion  on  the  protcn  siasultaneous  with  loss  of  tl»  broaide 
ion: 


CeHs  - 


H 

{, 


/CH2 

CH2-CH2-Br  +  “08-4  Ceffs-;!:;  j 

/  '^2 

J 

HO— —  — H 


Br 


+  Br”  +  H2O. 


The  second  aechanis*  wa*  <fepieted  as  a  two-step  process  involving  an 
equilil^ius  between  the.  t^e  atki  the  aioilino  group  of  the  brosoaoine  to 
form  an  anilino  g:roup  followed  by  a  firnt -order  displacenent  of  the  bromine 
by  the  anilino  ion: 


^6^5 


H  ^ 

N  -  CH2-CH2-Br  +  'OH  7"^  ^  CgHs  -  Nlcfi2-CH2-Br  +  H2O 


C6H5  “n  -  CH2  -  CH2  -  Br 


C6H5  - 


K  } 


CBr 


+  Br". 


Since  February,  wo  have  aeosured  xhe  rates  of  reaction  of  the  various 
N-tolyl,  para-tolyl,  and  ortho-tolyl  beta-halogenated  amines.  Table  IX 
summarizes  the  data  on  the  alkaline  solvoiyses  of  N-^bromoethyl-p- 
toluidine.  Table  X  shows  the  dependence  of  the  pseudo  first-order  con¬ 
stants  on  the  sodium  hydroxide  concentration  for  N-^-bronoethyl-p- 
toluidine,  N-^-bronoothyl-m-toluidine ,  and  K-^-bromoethyl-o-toluidine . 

As  shown  in  the  example  a  of  Table  IX,  the  rate  of  release  of  broaide 
ion  fnllows  first-order  kinetics.  However,  as  also  shown  in  Table  IX  and 
;  !.  :r '.ir  1  .refl  in  Table  X,  the  f  irai-order  constjuit  in.creasaa  with  increasing 
.  dim  hvdrcr.ide  ccncentrati on.  This  again  is  r-ttributable  to  sinul- 
:  f-  .  lOy  occnrriiif,  firat-  and  second-order  processes.  The  first  order 
•  ;  r  .  5  can  be  ev;ilaiited  by  ■.'xtrt.polalicn  of  the  linos  dr2.y;n  from  the 

to  ^erc  S(>diu'n  ryuroxido  c  once  nt  rat  ion  ^  HtiJo  the 
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TAaLE  -IX.  ALKALI}®  SOLVOLYSIS  OF  N^-B£OMO£ThTL-p-TOLUIDINfc  IN  TO 
PBHCENT  ETHANOL  AT  30^0  AND  AT  VARIOUS  CO!‘TCriNTPATIONS  OF  SOBIUM 

HTDmiEi 


TIMB, 

VOL.  OF  0.0505  N 

10%, 

aln. 

AgM^,  al. 

ain. 

0.03 

M  N^y^-Bromoethyl-p-toluidine 

and 

0.03  K  NaOH 

10.16 

1.08 

2.07 

20.23 

2.06 

2.11 

30.28 

2.79 

2.10 

41.23 

3.47 

2.13 

62.23 

4.32 

2.09 

oo 

5.93 

(nean) 

2.10 

0.03 

M  N-ji^-Bromoethyl-p-toluidine 

and 

0.12  M  NaOI 

10.16 

1.29 

2.40 

20.16 

2.28 

2.40 

30.20 

2.0G 

2.40 

41.16 

3.72 

2.40 

51.20 

4.21 

2.42 

63.16 

4.66 

2.44 

75.41 

4.93 

2.36 

OO 

5.93 

(aean) 

2.40 

58 


TABLE  X.  RATE  CONSTANTS  FOR  THE  FIKST-OSDfiS  AOtlLINB  C;OLVOLYSIS 
(F  THE  N-j<f-BKOIiC®rHTLTOLDIDINB3  IN  70  HSECEOT  ETHANOL  AT  30^0 


Bromoasdjoe 

Molarity, 

BroKoaaiJM 

Molarity, 

Ha(M 

io4,^ 

min.” 

N-|5-broaoethyl-p-toluidine 

0.03 

0.03 

2.10 

0.03 

0.06 

2.26 

0.05 

0.10 

2.33 

0.03 

0.12 

?.40 

0.03 

0.15 

2.. 53 

0.03 

0.18 

2.64 

N-^-broaoethyl-m-toluidine 

0.03 

0.03 

1.34 

r 

0.03 

0.06 

1.44 

0.03 

0.09 

1.53 

0.03 

0.12 

1.58 

0.03 

0.18 

i..67 

0.03 

0.24 

1.90 

N-j^-broBoetbyl>o-toluidlne 

0.03 

0.03 

0.943 

r 

0.03 

0.09 

0.965 

TABLE  XI.  FX^-  AND  SBCOND.OBSR  RATS  CONSTANTS  FOE  TEE  SATE  (F  RELEASE 
OF  BROKHS  ION  FEW  SO*  N^BROKOBTHTLIWINES  IN  70  RICENT  ETHANOL  AT  SO^’C 


Aaine 

lO^k, 

ain.”^ 

lO^k, 

lit.  aol.”^  nin."^ 

H 

Ce)E5-N-CH2-CH2-3r 

0.94 

2.0 

H 

1 

R-Cflg  »Cr,H4-N«'CH2-CH2-Br 

SI 

1.30 

2.2 

p-CHs -CsH4 -N-CH2-CH2-Br 

2.00 

3.6 

n 

1 

o-P'  -C^;ri/.-M-'CH2-CH2-Br 

0.94  (approx.) 

0.36 

second-order  constants  can  be  estimated  by  the  slopes  of  the  lines.  These 
values  are  presented  in  Table  XI  together  with  the  previous  detenained 
constants  for  N-^-broraoethylaniline . 

With  the  unsubstituted  broanamine,  we  get  a  rate  coristant  of  0.94  x 
10”^  ain”^  for  the  first-order  constant  and  2.0  x  10“2  lit  mol“^  iain“l  for 
the  second-order  constant.  When  we  put  a  aethyl  group  in  the  meta  position, 
it  donates  electrons  to  the  ring  and,  therefore,  should  make  it  easier  for 
the  nitrogen  to  displace  bromide.  Consequently,  the  first-order  rate  should 
go  up;  it  does,  for  we  get  a  rate  constant  of  1.30  x  10"^  per  minute.  When 
we  put  the  methyl  group  in  the  pai^a  position,  it  will  pump  electrons  even 
more  readily  than  in  the  meta  position,  and  we  would  expect  that  this  first- 
order  reaction  would  go  up  still  more.  ¥e  get  a  constant  of  2.0  times  10“2 
reciprocal  minutes.  Finally,  if  we  put  a  methyl  group  in  the  ortho  position, 
we  would  expect  that  the  methyl  group  would  get  in  the  way  of  the  nitrogen  as 
it  tried  to  cyclize  thus  sterically  hindering  the  reaction.  We  find  this  to 
be  the  case;  we  get  about  0.34  x  10"^,  exactly  the  same  as  the  unsubstituted 
ones.  Thus,  in  this  case,  the  effect  of  tha  methyl  group  punping  in  the 
electrons  and  making  the  nitrogen  more  basic  is  counteracted  the  methyl 
group  getting  in  the  way  of  the  nitrogen  as  it  tries  to  cyclize. 

A  very  interesting  observation  concerns  the  constants  we  got  in  the 
second-order  reaction,  2.0  for  the  unsubstituted,  and  2.2  if  we  put  the 
methyl  group  in  the  meta  position.  The  second-order  reaction  rate  goes  up. 

In  the  para  position,  we  get  3.6,  and  in  the  ortho,  0.36.  Now  as  far  as 
these  compounds  sire  concerned,  it  eliminates  the  first  mechanism  we  proposed 
for  pm  aniline  ion  fonaing  and  subsequently  displacing  the  bromide;  it  means 
that  a  concerted  attack  is  taking  place  where  the  hydroxide  ion  attacks  the 
proton  simultsmeously  with  the  nitrogen  displacing  the  bromine. 

LEONAStPS;  It  might  be  worthwliile  pointing  out  to  the  more  biologically 
oriented  people  in  the  group  ths«L  these  reaction  aiechanisms  may  not  help 
ua  get  at  the  reason  why  these  compounds  mig^it  be  effective  against  spores. 
But  they  are  of  value  in  helping  synthesize  new  compounds  in  this  group  in 
better  yields  in  the  hope  ofi  finding  compounds  better  than  ethylenimine , 
itself,  as  a  sporicidal  agent.  That  is  where  the  practical  value  of  this 
work  lias.  The  real  purposv^  is  to  obtain  new  coa5>ounds  that  might  have 
activity  and  properties  better  than  ethylenimine,  and  these  studies  are 
really  designed  to  help  obtain  these  new  compounds. 

SCIF<AM:Z;  Is  anything  known  about  the  influence  of  substitution  on  the 

ToKlcTt^of  these  compounds? 

I'/'i'-’jK:  There  is  som  information  about  these  compounds.  In  general,  the 
rinsr,  '.rith  tha  reactivity  until  you  get  such  i*apid  reactions  that 
. .  5,  nu:'  juti  lionH  get  anj'whei-e  in  Ihe  and  than  it  drops  again. 
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III.  JGKUTBS  OF  THE  SSC(m  SESSION 


KAYE?  I  would  like  first  to  welcotoe  Dr,  H.  0.  Halverson  of  the  University 
oi*  Tllinois  and  tvim  the  proceedings  of  this  session  on  spores  into  his 
capable  haadA. 

HALY0830M  (Ill. )t  Kell,  I  take  it  you  would  like  a  progress  report  on 
our  work  at  the  bniireraity  of  Illinois.  Our  work  has  dealt  with  Bacillus 
terminalis ,  the  naiae  of  which  iias  been  changed  to  B  cere  us  var,  termnaTIs. 
WeTave^also  done  so'ae  work  on  the  zmaerobes  Md  botuHnus,  types  A  and  B. 

An  interesting  bbserwation  was  that,  previously,  we  have  been  able  to  get 
our  spores  to  germinate  with  L-alanine  and  attenosine  at  roon  temperature  in 
distilled  water.  However,  we  received  a  large  batch  from  Ik^trick,  and  these 
spores  would  not  germinate  under  these  circumstances.  Even  after  heatshocking, 
they  would  not  gendnate  udless  we  added  phosphate,  borate,  or  carbonate.  Ke 
suspected  heavy  metal  contamination  and  so  dialyzed  them  against  versene. 

After  dialyzing,  they  then  geminated  normally.  Ke  had  done  a  few  preliminary 
studies  on  terminalis  and  found  that  Mg,  Co,  Fe,  Cr,  and  Ni  ions  all  interfered 
with  germination.  We  don’t  kn<nr  the  limit  of  the  concentrations  yet,  but  wr 
get  inhibition  at  very  low  coMent  rat  ions. 


Ke  have  made  a  few  preliminary  studies  on  the  work  that  Brooks  Church 
and  Harlyn  have  done  at  Michigan  on  enzymme  tlmt  can  be  activated  by  heat- 
shocking.  At  Michigan,  they  find  that  they  can  take  spores  and  heatshock 
them  at  BS^C  for  an  hour  or  more,  and  that  they  then  are  enzymatically  active 
in  the  oxidation  of  glucose.  In  «xr  experience  with  these  spores,  we  got  no 
activity  unless  we  added  yeast  extmet  to  the  TOdia.  Normally,  if  you  add 
yeast  extract  the  ^ores  will  germinate.  We  found  that  we  can  prevent  this 
germination  l^r  adding  a  fairly  high  concentration  of  phosphate.  Ke  don’t 
know  what  ingredient  in  yeast  extract  is  responsible  for  this  germination. 

It  is  not  any  of  the  common  cofacta-s.  Ke  have  tested  ATP,  coenjyse  1, 
coenzy^  2,  and  pyridoxine  with  phosphate,  and  so  far  none  of  them  can  replace 
yeast  extract.  Ke  don’t  know  what  t>»  factor  is;  it  say  perhaps  be  a  setal, 
but  we  will  have  the  answer,  I  think,  shortly. 


One  of  the  problems  that  we  have  been  coi±cemed  with  is  the  effect  of 
mcieturs  activity  on  germination  of  sp.-»res.  Some  of  this  work  has  been 

published.  technique  we  are  now  using  is  to  prepare  spores  standing  in 

adenosine  and  1-alanine  in  the  cold  room  (where  they  can’t  germinate),  place 
theta  on  glass  slides,  <^ry  them  thoroughly,  and  then  take  these  slides  and  put 
V*"  * ovov  sulfuric  acid  of  various  concentrations  to  give 
difitrent  relative  huaidities.  ¥e  then  remove  the  slides  and  screen  them  to 
:.ee  If  the  spores  have  germinated  in  order  to  fird  the  limit  of  moisture  con- 
fil’  allow  germ^ination. 
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Another  technique  ire  have  used  is  to  clean  the  jporcs  in  a  solution  con¬ 
taining  alanine  aal  adenosine  with  various  concentrations  of  sucrose  which  will 
alter  the  noisture  activity.  We  find  that  they  are  working  with  a  mixed  pop¬ 
ulation,  A  few  of  the  spores,  frees  10  to  15  percent,  will  geminate  with  a 
relatively  snail  aoiature  activity  equivalent  to  a  vapor  pressure  of  about  96 
percent  of  saturation.  The  other  85  percent  of  tl^  spores  will  not  gerrainate 
until  the  moistur*  activity  is  equivalent  to  99  percent  cr  better.  But  we 
have  a  mixed  population,  and  we  are  anxious  to  find  out  whether  this  is  due 
to  difference  in  fat  content  of  these  spores,  which  is  something  we  have  not 
done  before. 


One  other  observation  which  is  of  interest  (and  essential  for  inactivation 
of  spores)  is  that  we  tested  the  effect  of  i^cid  fatty  acid  on  the  germination 
of  spores.  We  found  that  you  could  test  the  production  of  a  colony  and  ob¬ 
served  fatty  acids  interfering  with  germination.  In  the  presence  of  the 
rancid  fat,  you  get  fewer  colonies  produced  than  you  do  without  tlw  rancid 
fat.  What  is  actually  happening  is  that  the  rancid  fatty  acid  is  destroying 
or  killing  the  newly  loraed  vegetative  cells. 

Here  we  have  two  different  types  of  mechanisms  for  spore  icactivation.  In 
the  presence  of  heavy  metals,  spores  cannot  germinate  and,  therefore,  cannot 
produce  a  colony,  da  the  other  hand,  as  with  these  fatty  acids,  you  say  have 
a  toxic  ingredient  in 'the  presence  of  which  the  spore  can  genujnate  but  can't  grow 
In  studying  the  coi^>Ottnds  that  inactivate  spores,  it  s»y  be  important  to  dis¬ 
tinguish  between  these  effects. 


We  also  found  that  the  viability  of  spores  which  have  been  standing  open 
to  the  air  and  in  a  dry  state  goes  down  to  around  30  percent  after  three 
years;  yet  these  spores  all  germinate  with  adenosine  and  alanine.  You  have 
the  spores  geminating  in  buffer,  but  the  resulting  vegetative  cells  cannot 
grow.  Here,  we  have  spores  inactivated  by  something  that  was  produced  by  this 
long  period  of  standing. 


For  the  anaerobes,  we  have  been  able  to  develop  a  clear  liquid  media  which 
gives  us  100  percent  sporulation  in  48  hours  with  the  anaerobes  Clostridium 
roseum,  Botulinum  type  A,  and  Botulinum  type  B.  For  a  long  title,  we  had  a 
grcit  deal  of  difficulty  in  harvesting  these  spores  produced  because  it 
appc.'.rad  to  us  that  the  spores  were  germinating  in  the  same  soup  in  which  they 
were  fonsed.  This  apparently  was  caused  (a)  growing  the  spores  without 
takiru;  anj'  special  precautions  for  anaerobic  or  aerooic  conditions,  and  (b) 
a  laj'cr  on  the  surface  of  the  medium  in  which  the  noiual  ingredients  were 
usf’d  u,  .  When  they  were  used-up  in  the  rest  of  the  medium  it  did  not  inter- 
for  with  germination.  We  griw  these  spores  under  anaerobic  conditions, 
producing  anserobiosis  hy  simply  bubbling  gas  from  the  gas  jet  through  the 
*  diurs,  setting  it  on  a  raagnetic  stirrer,  and  keeping  it  stirred.  We  fotind 
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these  einaerobes,  we  have  been  able  to  get  thea  to  germinate  within  two  to 
five  minutes  with  a  mixture  of  L-alanine ,  L-phenyiul'^nine ,  and  arginine. 

You  can  follwr  the  germination  by  change  in  light  '  ansmission  as  with 
areobes.  Germnation  will  not  taJce  place  unless  you  have  complete  anaerobic 
conditions;  you  get  that  by  adding  sodium  thioglycollate  to  this  medium,  he 
know  very  little  further  about  the  aechanissis  of  this  germination  except  thcit 
we  do  know  that  these  anerobes  do  not  certain  a  racemase  and,  therefore,  the 
L-alanine  does  not  convert  to  D-alanine.  We  also  obseimred  that,  during  the 
course  of  geminatloD,  these  spores  use  up  a  large  aaoant  of  the  alanine 
which  is  in  the  «>diuB,  which  is  different  frcai  that  obsorved  with  the  a  robes. 
Wien  the  aerobes  geralnatc,  you  find  practically  all  of  the  alanine  left  in 
the  meditBi,  and  sc«e  of  it  has  been  converted  to  D-alantne.  Hore  it  is  not. 

A  large  amount  of  it  has  been  used  up. 

If  you  hold  these  spores  at  SS^C,  tl«y  fail  to  germinate,  and  the  mech¬ 
anic  that  uses  up  alanine  does  not  cerate  at  650C.  ¥hen  you  reduce  the 
teasperature  again  to  30®C,  the  spores  germinate  rapidly,  so  the  tnechanisn 
that  is  involved  is  not  destroyed  at  65°C. 


SniTOti  In  germinating  the  spores  in  which  there  is  a  requirement  for 
alanine  and  ad^^sine,  ATP  will  not  substitute  for  adenosine,  will  it? 

HALVOBSCM  (Ill, ){  No,  it  will  not,  but  ay  statement  was  that  if  you  heat 
these  spores  at^5®C  for  an  hour,  you  activate  enzymes  that  wil'l  oxidize 
glucose.  This  enzyme  apparently  recpiires  a  factor  fi-cuo  yeast  •  .tract,  and 
this  factor  is  not  ATP,  AI3P,  or  pyridoxine. 

SKIii*I^R;  In  a  germination,  will  other  adenines  substitute  for  adenosine? 
HALYOISON  (Ill.);  No. 

SyPPER;  This  is  really  quite  fascinating.  I  have  i»v»r  heard  of  anything 
that  adenosine  would  do  that,  in  some  degree,  one  of  these  others  would  not. 

HALYOSON  (Ill.  ) ;  One  of  the  former  students  who  was  at  this  meeting  last 
time,  Dr.  Lawrence,  who  is  not  here  now,  has  apparently  encountered  an  enzyme 
in  these  spores  that  dec(xnposes  adenosine  to  adenine  and  phopphoribase, 

SKIPPER:  Apparently  it  does  not  go  the  other  way. 

HALVORSC^  (Ill.):  These  two  will  not  substitute  for  adenosim. 

SKIPPED:  That  is  very  fascinating,  I  assume  you  cannot  substitute  for 
al'^.nine  the  alpha  hydroxy  or  alpha  keto  acid? 


.'ilanin 


£  Wf  have  not  found  ary  substance  to  replace  alanin 
-c.:  Ih^j  spores  lor  a  long  tunc,  however,  they  ^ill  tht- 
donosino  alone.  But  I  suspect  strongly  that  there  is 
c  fonned  within  the  sroro  during  the  heating. 
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HALYOiS(^  (Mich.);  The  thing  that  is  ccraplicateu  in  this  rega  i  is  that  the 
awount  of  alanine  zmd  the  amount  oi  adenosine  have  reciprocal  relation-. ip 
to  each  other*.  If  you  use  a  high  amount  of  adenosine,  you  car.  gei  awaj'  with 
vt!ry  little  alanine;  if  you  use  very  little  adenosine,  you  need  a  large  amoimt 
of  alanine.  It  i»  ^fficult  to  say  whr.t  is  inroived.  Me  have  dene  sose  tracer 
work  with  alanine ,  and  we  find  that  a  very  saall  amount  is  bound.  It  requii-es 
aertriiic  conditions,  but  we  can't  detect  any  metabolism  of  these  cosnounds. 

HALYOHSOM  (Ill.):  One  other  fact  is  that  these  spores  would  not  germinate 
even  adeacslne  at  65°C.  If  you  cool  them  down  to  30"C,  they 

will  gendLnate  rapidly  providinf  the  temperature  has  not  been  kept  at  GS’-’C  too 
long.  The  enzyaa  that  decomposes  adenosine  is  still  active  at  65°C,  and  if 
you  keep  it  at  that  too  long,  your  adenosine  is  all  gone,  and  you  have  to  add 
more  adenosine  before  you  can  make  them  geminate. 

3TIH;  Ga  the  basis  of  your  studies  on  the  germination  of  De trick  s;  -  when 
you  found  that  metals  interfere  with  gemination,  would  you  recoassend  dialyzing 
all  your  batches  of  spores  before  running  sporicidal  test.s? 

HALYOKSOM  ( Ill. ) i  It  may  well  be  tiuit,  if  we  had  taken  the  same  precaution 
in  washing  these  spores  as  we  did  with  the  first  batches,  we  night  not  have 
observed  this  phenomena.  Tiie  preparation  looked  so  clean  to  us  that  we  dis¬ 
pensed  with  the  special  cleanii^.  The  medium  is  removed  just  by  simple  wash¬ 
ing.  I  might  tell  you  also  a  method  used  recently  for  cleaning  spurcs  whici^ 
wprkad  out  very  well  in  separating  the  spoms  and  the  vegetative  ceUb  debris. 
Ve  make  a  series  of  layers  of  sucrose  solutions,  40  percent,  20  percent,  and 
10  percent  in  a  centrifuge  cup.  First  you  put  in  the  10  percent  solution,  and 
then  inject  underneath  tluit  the  20  percent  solution,  and  undermath  that  the 
40  percent  solutiem,  and  let  that  stand  in  the  cup  overnight.  Then  layer 
your  spores  on  top  of  that  and  centrifuge.  The  spores  will  go  clear  to  tte 
bottom,  8u»d  the  debris  will  remain  in  thv  10  percent  solution.  The  spores 
you  get  at  the  '  ottom  are  very  cldan. 

HALYORSOH  (Mich.);  ¥e  ran  across  a  rather  nice  trick.  If  you  put  B  subtilis 
var.  niger  in  a  liask  in  an  icebox  or  cold  ro^  for  several  weeks  and  then 
siphon  off  the  top  layer,  you  will  find  the  layer  just  below  is  very  clean. 

By  repeating  this  for  two  or  three  periods,  you  can  c^tain  very  clean  spores 
of  the  niger  variety.  It  doesr  t  >.ork  well  with  others,  but  with  that 
particular  strain,  it  works  very  Will. 

STIM:  Is  there  any  difference  in  resistance  between  different  layers  of 

spores? 

iilLVOSSOH  (Kich.  ):  No,  th?t  ha.*>  baen  a  point  of  some  cojKem  to  us,  that 
maybe are  throwing  away  one  fraction  and  purifying  another,  which  may  not 
D-  the  whole  story.  Ke  haven't  really  looked  into  ttet,  although  in  tl^  past 

►’Hve  washed  up  the  ertu'e  i-'aterial,  and  ve  know  our  present  resistance 
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Dr.  Leonards  observed  something  similar  by  accident  in  the  prepara¬ 
tion  of  soae  spores. 

LEOmJBDS;  Yes,  and  I  think  this  is  the  aame  phenomena.  All  we  did  was  let 
the  suspension  stand  for  awhile  and  that  autolyzed  the  vegetative  cells,  but 
1  don’t  thiiik  th ;  ^  were  any  aetals  involved.  The  difficulty  in  letting  the 
spores  staid  for  a  long  tiae  if  you  are  trying  tv  siake  10  poxinds  of  spores 
is  the  fact  that  you  are  holding  up  a  large  tank  for  six  or  eight  weeks.  I 
guess  it  is  all  right  on  a  snail  scale. 

SKIPPER;  How  general  is  this  adenosine  and  L-alanine  requireaient  for  sporu- 
laHonT”  I  mean  is  it  required  for  all  the  aerobes  to  germinate? 

HALY08SW  (111. ) ;  According  to  the  English  literature ,  they  claim  to  have 
obtained  germination  with  glucose  without  the  adenosine,  but  we  have  had  to 
use  adenosine  and  alanine. 


SKIPPER;  I  just  wondered  if  this  has  a  practical  applicatic::.  I  don't  know 
much  about  this,  but  I  wonder  (if  you  want  to  prevent  germination)  whether 
some  of  the  materials  that  are  wtagonists  might  not  be  active  enough  in 
small  concentrations  to  stop  the  germination. 


C2in  ger- 


MAWGllWi  This  matter  of  whether  y^jr  spores  are 
minate  cr  of.er  ths/  enn  germinate  and  can't  reproduce  is  very  interesting. 

*:  »  fa*  t:.-  go  in  studying  different  types  of  compounds?  I  had  in 
j  ■»''o:lficaliy,  idwthier  these  agents  that  have  been  studied  intensively, 
such  as  the  mustards,  prevent  gexmlnation  or  not?  If  they  don't  prevent 
germination,  then  one  can  assume  they  are  acting  in  the  same  way  as  they  are 
acting  in  vegetative  cells. 


CHURCT;  In  our  studies  with  ethylene  <»d.de,  we  inhibited  germination  of  the 
agjant .  We  attesgited  to  germinate  spores  after  varying  intervals  of  exposure 
to  ethylene  oxide.  The  curve  we  got,  kinetics  of  the  Inhibition  to  germin¬ 
ation,  was  identical  with  the  curve  we  got  when  the  treated  spores  were 
placed  on  the  agar  plate.  Or  in  other  words,  if  spore  growth  would  take 
place,  so  would  vegetative  cells.  This  indicated  then  that  in  all  instances 
it  was  the  germination  phase  that  was  being  hit.  In  other  words,  they  were 
not  going  to  the  germinated  spore  and  then  being  in-rtivated.  Whatever  site 
is  being  hit  with  the  ethylene  oxide  present  happeneu.  in  the  vuigerrainated 
spore.  It  may  be  that  the  sane  site  is  affected  in  the  vcp  tative  cell,  too. 


HANGUN:  I  don't  know  what  germination  is,  except  that  it  involves  some  type 
of  de -polymerization  or  uncoiling,  but  as  far  as  we  know  at  the  present  time, 
it  is  not  involved  in  the  nucleic  acid  system. 

/lALVQSSCK  (Mich. ) :  The  initial  adsorption  may  reqtiire  a  higher  concentration 
in  the  spore  than  in  the  vegetative  cell  because,  I  think,  the  surface  comes 

■Into  play.  Ke  have  a  fair  amount  of  fat  on  the  surface  of  spores,  and  so  it 
-.'V  require  a  higher  concentration  to  bind  it  and  hold  it.  I  don't  think  the 
o'oo't ration  difference  would  tell  you  very  mvch. 
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We  have  been  involved  for  about  three  years  now  in  working  with  Detrick 
spoies.  We  started  out  on  the  effects  of  ethylene  oxide  and  diverted  to  the 
mechanisms,  but  I’ll  leave  the  mechanisms  until  this  afternoon.  We  have  been 
following  the  behavior  of  ethylene  oxide  on  spores,  trying  to  get  some  idea  of 
the  action  of  the  compound.  Our  intent  was  to  use  labelled  eth.ylene  oxide  to 
try  to  find  out  where  the  chemical  is  adsorbed,  but  we  ran  across  a  phenomenon 
which  has  sidetracked  us  now  for  two  years  ’.diich  I  would  like  to  discuss  in  a 
moment.  In  studying  the  inactivation  of  B  terminalis  spores  by  eth.ylene  oxide 
at  5°C,  we  obtain  the  same  type  of  curve  whether  we  count  the  number  oi  spores 
which  have  germinated  after  various  exposures  to  ethylene  oxide,  do  viability 
on  a  plate,  or  measure  the  activity  of  racemase  enzyme.  We  have  a  very  rapid 
period  followed  by  a  slower  period;  this  has  been  done  many  times  and,  as 
near  as  we  can  tell,  appears  to  be  two  ejqjonential  functions.  We  checked  ^he 
inactivation  of  many  species  of  spores.  We  seem  to  get  this  type  of  break  only 
with  two  strains:  B  polynyxa  and  B  terminalis.  For  some  reason,  we  became 
suspicious  that  the  fat  content  of  the  spore  might  be  involved.  We  tried  to 
test  whether  or  not  fats  were  involved  in  this  and  whether  this  may  represent 
a  mixed  population.  We  extracted  spores  with  methzmol  and  chloroform  and  then 
tested  the  population.  B  terminalis  gave  us,  on  fat  extraction,  a  very  rapid 
kill  equivalent  to  the  initial  slope  Sf  the  unextracted  population.  Following 
this  line  of  thought,  if  we  did  have  a  mixed  population  in  which  fat  was  in¬ 
volved  in  some  way  or  another,  this  might  be  a  surface  property  of  the  spore, 
and  perhaps  we  might  pick  up  this  difference  in  difference  of  surface  charge. 

We  used  a  technique  whereby  one  can  measure  the  individual  mobilities  of 
spores  in  the  electrophoretic  apparatus  with  a  microscope.  We  carried  out 
mobility  measurement g  On  large  numbers  of  spores,  and  found  that,  frcm  the 
original  population,  we  could  construct  a  histogram  in  which  we  have  two 
populations;  a  small  population  and  a  large  one.  If  we  fat-extract  these 
spores  and  then  rim  an  electrophoretic  histogram,  we  lose  our  fast  travelling 
population  which  corresponds  to  the  resistant  fraction.  We  thought  perhaps 
that,  if  fat  were  involved  and  we  were  able" siwae  way  or  other  to  increase  the 
fat  content,  this  might  be  reflected  in  a  mta*e  resistartt  population.  We  fotmd 
that  by  incorporating  glycerol  into  the  isedium  we  could  obtain  what  we  called 
’’fat"  spores.  To  give  you  rough  idea,  B  terminalis  is  5.4  cubic  microns  in 
size,  normally*  Grown  in  the  presence”’of  glycerol,  this  increases  to  about 
15  cubic  isicrons .  The  fat  content,  that  as,  the  percent  of  the  material  which 
can  be  extracted,  rises  from  4.5  percent  tc  30.8  percent.  In  B  polywyxa 
which  also  shows  an  inhomogeneous  population  in  resist incc  and  mobility,  our 
size  goes  from  about  5.1  to  about  25  cubic  microns,  and  tho  fat  content  rises 


fl  percent  to  63  percent  oi  the  spore.  The  otraiiis  of  B  cereus,  B  subtilis 
var.  niger,  and  another  strain  of  B  subtil  is,  all  of  which  appeal'  to  have  homo¬ 
geneous  ethylene  oxide  kinetics,  all  appeared  homogeneous  in  mobility,  and  did 
not  b*coif«  larger  when  grown  in  glycerol.  We  analyzed  the  fat  vhl.-.h  one  can 
otat.r  jr  frriw  these  spores  and  analyzed  fo"  fatty  acids  and  glycerol  as  coia- 
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or*  Bacillus  fat  analysis. 


Ln  the  literature,  there  is  really  very  little 
Me  found  that  -the  major  component  of  the  fatty 
Tith  a  little  bit  of  butyric  '>nd  a  very-  little  bit  of 

hfivf:  no  kiitwlefigc  of  what  it  fnav 
h.  f  1  ho  triglycerides  a: 
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We  have  tried  to  see  if  the  fat  can  be  involved  in  the  ethylene  oxidi  in¬ 
activation  by  doing  reconstruction  experiments.  That  is,  we  deter:ainod  the 
normal  inactivation  curve  obtained  in  distilled  water,  added  fat  to  the  sus¬ 
pension  of  spores,  and  ran  an  ethylene  oxide  inactivation. 

In  other  work,  we  found  that  B  anthracis  contains  an  alanine  racemase, 
and  the  alanine  racemase  is  more  active  than  in  any  of  the  other  six  strains 
of  Bacillus .  Whether  this  is  related  to  pathogenicity  or  not,  I  don't  know. 
One  can -purify  anthrax  in  a  manner  similar  to  the  other  strains  whose  problem<^ 
are  really  very,  very  similar,  and  I  think  a  good  deal  of  information  Ccin  be 
trzmsf erred. 


REDDISH t  Were  these  heated  or  unheated  spores?  What  was  the  medium  used  for 
growing  the  spores,  and  at  what  time  and  temperature  did  you  grow  them  before 
you  harvested? 

HALYORSON  (K Ich. ) ;  Well,  the  cleaning  of  spores  iu.  almost  a  different  problem 
for  each  strain.  It  has  to  be  worked  out  individually,  but  the  general  over¬ 
all  picture  with  the  aerobic  spores  is  one  of  findiig  an  inorganic  medium  that 
will  stimulate  sponilation.  These  are  vigorously  aerated  at  30°C.  To  get  an 
optimal  spore  crop,  it  is  really  necessary  to  carefully  watch  the  percentage 
of  spores  being  formed  in  a  growing  culture.  There  is  about  a  one-to-two- 
hour  period  during  which  one  should  hjcrvest  to  give  maiximil  yield.  Following 
that  pt^riod  you  get  lower  yield.  Spores  are  different  when  grown  under 
different  conditions.  One  problem  is  to  get  a  good  yield  ar.d  the  second  is 
to  get  imiform  crops. 


I  think  the  only  thing  we  have  in  this  vein  coass  from  scaae  enzymology 
studies  we  did  some  years  ago  when  Dr.  Harrell  was  with  us.  We  were  inter¬ 
ested  in  this  question:  Does  the  ethylene  oxide  get  in  and  inactivate  the 
enzyme  inside  the  spore  or  is  it  a  surfrwje  effect  only?  We  grew  spores  in  the 
presence  of  penicillin,  sporulated  them  in  -vitro,  and  tested  the  intact  clean 
washed  spores.  These  had  no  penicillinase  activity.  However,  when  we  ruptured 
these  cleaned  spores  and  tested  the  extract  they  were  penicillinaise  positive. 
The  strains  grown  in  the  absence  of  penicillin  do  not  produce  penicillinase 
so  that  these  spores  metabolically  may  differ,  however,  we  just  haven't 
systemically  worked  with  that. 

SXIPPEI?:  One  other  question  -  you  say  that  the  racemase  activity  parallels 
the  killing? 

llALV0.gS0N  (Hich.):  Yes 


SiQTPpI::  How  about  other  enzyiiies? 
a  Jon'’  1  hat  ].ine? 


Art-  there  anj'  other  enz^hmes  that  follow 


58 


HALVORSON  (Mich.):  ¥e  thought  the  enzyaie  would  bfc  a  good  one  to  follow  dO  a 
criterion  oi'  inactivation,  and  then  we  spent  quite  a  bit  of  tiire  tr>'ing  to 
decide  whether  the  racemase  was  at  all  involved  in  gerrTiinaxion  ana  "o  cait.t  to 
the  conclusion  it  was  not.  So  we  gave  up  i-acenase.  Then  we  tried  to  Look 
for  other  enzymes,  but  unf ortimately  we  aire  coming  to  the  end  of  the  ccntract 
and  are  closing  the  door.  But  I  think  it  would  be  worthwhile  to  tt  st  some  of 
these  other  enzyme  systems  on  inactivating  agents. 

CHbRCH;  I  wanted  to  discuss  the  inactivation  of  the  enzyme,  the  kinetics  ot 
which  are  similar  to  kinetics  of  inactivation  of  germination  and  viability. 

¥e  thought  that  perhaps  you  could  determine  these  racemase  inactivation  rates 
by  ethylene  oxide  and  get  some  correlation  with  inactivation.  However,  when 
racemase  was  ruled  out  as  an  enzyme  responsible  for  germination;  we  decided 
that  possibly  there  were  other  things  in  the  spores  to  be  looked  at.  The 
literature  is  very  discouraging  on  this  point. 


¥€  tried  to  prolong  the  period  of  heatshocking  to  see  if  thi.s  had  any 
effect  on  glucose  oxidation.  ¥e  were  also  aware  of  the  fact  that  terminalis 
spores  did  not  geminate  in  the  presence  of  glucose.  In  our  system,  there  is 
no  germination,  and  the  intact  spores  were  exposed  to  65°C  for  one  hour. 

Figure  6  demonstr^*  ^  the  oxygen  uptake  on  this  type  of  spore  at  various  times 
of  heatshocking  at  65®C.  There  is  no  endogenous  respiration.  These  spores 
are  placed  in  a  vessel  with  phosphate  and  glucose,  and  that  is  all.  Following 
the  heatshocking  and  within  15  minutes’  time,  the  oxygen  uptake  is  very  slight. 
However,  if  the  time  is  increased  to  60  minutes,  the  nwiwiim  oxygen  uptake  is 
a  very  remarkable  amount.  At  the  same  tiwi  the  endogenous  respiration  in¬ 
creases  substantially.  ¥e  heatshocked  the  spores  for  an  hour,  st')’^ed  them  in 
the  icebox,  and  then  tried  to  see  if  there  was  any  effect  of  titpe  after  heat- 
sliocking  in  the  oxygen  uptake  in  the  presence  of  glucose.  Now,  if  the  spores 
are  heatshocked  and  iimediately  placed  in  the  washing  flask  for  a  period  of 
0  to  2  hours  afterwards,  we  still  obtain  !«iximal  oxidation.  However,  if  these 
spores  stand  for  48  hours  in  the  icebox  and  then  are  tested  in  the  washing 
flask,  there  is  essentially  no  oxygen  uptake,  and  what  we  originally  got  in 
15  mimites  is  gene  besides.  However,  if  there  is  an  additional  heatshock 
addea  to  this  48''hour  suspension,  additionally  heatshocked  for  another  hour 
at  550c,  it  is  practicably  returned,  but  we  are  never  able  to  return  it  com¬ 
pletely  to  the  optitnum  condition.  Within  24  hours,  we  are  nearly  able  to 
return  the  oxidation  activity  to  the  maximum  but  not  completely.  And  if  we 
one  week  and  re-heatshock,  it  is  about  gone.  In  the  way  of  expleuiation, 
have  noticed  that  possibly  after  we  heatshock  for  an  hour,  we  did  stimulate 
-nt.cnif  icantly  the  endogenous  respijation  so  that  the  spores  may  be  utilizing 


wax 
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sr.i  ermediates  that  are  not  then  being  replaced  by  adding  glucose  after  a  veeic. 

c.m  show  tliat  heatshocking  alone  is  not  necessa.rj^  to  demonstrate  oxidation 
:n  tr.«  spores  because,  if  we  taht-  tlv:  urgeiTBinated  spore  and  heatshock  it.  we 
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like  that  shown  in  -■  igurc  3,7.  Both  geminated  spore 
.'.nf.r,-  'pTsons trade  very  closely  equivalent  oxygen  uptake.  Fi 

other  carbohydrate  intermediates  wi 


of 


and 


ithvays  Kould  be  pot;sibly  involved. 


usci 


Best  Available  Copy 


microliters  of  oxygen 


MICROLITERS  OF  OXYGEN 


70 


GLUCOSc,  UNGERM. 


Figure  17.  Activation  of  Respiration  by  Heat  or  Germination.  The 
ungenainated  spores  vere  heated  for  60  minutes  at  S5®C. 
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¥e  ruptured  the  spores  by  oscillation  and  by  grindinj;  in  the  haring 
Blendor  with  superfine  beads  for  a  perioa  of  30  minutes  at  d^C  (Figure  19), 
Rupturing  spores  is  a  very  difficult  nroceduit-.  We  have-  ntr.  icc<»ipii3h'Ld 
any  rupture  of  100  percent,  but  somewhere  between  50  ana  60  percent  with  the 
superfine  beads  in  the  Waring  Plendor  followed  by  centrifugation.  This  has 
been  carried  out  in  phosphate  buffer.  This  bead  extract  is  then  placed  in 
a  Warburg  flnsk  in  phosphate  buffer'  and  g’ucose  added.  The  spore  extract  in 
the  presence  of  yeast  extract  shows  maximal  oxidation.  The  yeast  extract 
could  be  completely  replaced  by  DPN.  The  spore  ex<  •"act  hen  was  dialy'zed, 
and  the  dialyzed  extract  would  also  oxidize.  These  other-  materials  were 
add!  d  to  the  dialyzed  extract,  indicating  what  components  were  necessary  in 
this  oxidation.  Although  we  have  been  able  to  see  that  only  the  noa- 
phosphorylatijig  shunt  is  in  operation  in  the  intact  spore,  here  is  a  require¬ 
ment  for  ATP  which  would  indicate  that  a  phosphorylation  is  involved.  We 
repeated  that  work  which  we  did  with  the  intact  spore;  that  is,  we  used  other 
carbohydrate  substrates  with  the  extract  and  could  still  obtain  the  activity 
with  this  material  (Figure  20).  With  pyrmivate  we  were  still  able  to  obtain 
significant  oxidation.  Glucinate  and  2-keto  glucinate.  which  were  on  the 
level  with  pyruvate  in  the  intact  spore,  are  negative  here  or  of  the  order  of 
the  endogenous  respirafion. 

SKIPPER:  When  you  disintegrate  your  cells  by  sonic  or  ether  means,  you  then, 

I  assume,  spin  down  everything  and  just  use  the  extract? 

CHURCH:  Yes,  it  is  centrifuged  at  around  15,000g’s  in  the  Sorvall  when  you 
extract  the  spore.  Figure  21  illustrates  the  pathway  the  glucose  is  tra''’elli.ng, 

HALY08S0N  (Hich. ) ;  One  thing  that  interests  me  -very  muc’i  is  the  fac"^  that 
enzymes  Tiave  been  made  active  by  means  of  heat  shocking.  The  enzymes  that 
have  been  active  are  heat  rosisU’nt.  The  enzymes  that  have  been  exposed  when 
the  spoi^  was  ruptured  and  fixed  i.n  Lhe  supomatant  ai  heat  sensitive}  but 
in  geminating  and  rupturing  the  spore  something  as  been  done  to  the  enzymes 
that  make  them  lose  their  heat  resi.stemce.  ^In  ths  heat  shocking  alone,  they 
are  still  heat  resistant. 

HANGUN ;  Hell,  they  are  the  same  enzymes,  don't  .vou  think? 

HALVOPSON  (II'.):  Yes. 

:  I  believe  that.  We  '>nly  know  of  a  few  things  that  render  enzymes 

heat  'Stable;  sodium  caprylate,  try|!tophjinc* ,  and  related  compounds  will  stabi- 
1  i />■  !r,ar!y  cf  'ih'-  nmtein,*!  an.d  envyraat i c  octiv’ity  to  plasma. 

^  wonder  if  there  is  also  the  possibility  of  adsorption  on  .smaller 
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hexose  diphosphate,  glucose-6-phosphate,  fructose-6-phosphate. 
'icnare  20.  Carbohydrate  Oxidation  by  Snore  Extracts. 
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Figure  21.  Glucose  Hetabolism 


HANODN;  Kell,  since  several  inactivations  are  associated  with  protein 
primarily  by  bonding,  one  can  certainly  guess  that  the  bonding  is  very 
effective  in  most  cases.  In  essence,  what  substances  like  the  caprylc.tes 
do  is  tie  things  up  so  they  caui't  whip  around  when  they  are  subjected  :o 
thermal  energy. 

KAYE:  How  about  dipicolinic  acid  that  cones  out  of  these  spores?  iliic  :’*< 
a  very  curious  and  interesting  con^iound  that  may  be  associated  nere. 

HALVOSSOK  (Mich. ) ;  Ke  have  been  very  interested  in  that  problem,  and  I  am 
soi-ry  that  we  didn't  have  more  to  say  about  it  here.  You  have,  of  course, 
a  tronendous  amount  of  dipicolinic  acid  which  spews  out  of  the  spore.  It 
might  be  that  dipicolinic  acid,  perhaps  in  a  polymer  form,  confers  heat 
resistance.  We  wont  after  this  problem  to  see  if  we  could  exaai*'  spores 
to  find  boimd  or  free  dipicolinic  acid  in  heatshocked,  unheatshocked,  and 
P.trminatftd  snores.  The  first,  problem  was  a  lao thodological  one.  ¥e  spent 
trosl  of  our  tirce  gettirig  methexis  for  a-ralysis  of  dipicolinic  acid.  He 
v  jr.'.c'd  at!  a  w^thod  based  on  the  ferric  chloride  observation  of  Powell,  and 
ci-.r.'matograyhi';  separations.  He  don’t  have  enough  arxalytical  data,  but 
is  a  fair  iuaount  oJ'  unpolyiaerized  acid. 
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WILLIAMS:  I  aa  apologetic  about  starting  in  on  our  vork  because  we  don't  have 
Stay  explanations  to  offer.  All  I  can  do  is  give  you  a  few  little  lacts  we  have 
cone  across  in  conparatively  recent  tines  on  the  phenonsenon  which  occurs  in 
heat  inactivation. 

The  general  opinion  edjout  this  very  interesting  phenonenon  in  connection 
with  spores  is  that  it  is  actually  not  heat  inactivation  but  heat  injury  that 
takes  place;  that  is,  if  a  suspension  of  spores  is  exposed  to  a  sublethal 
tearoerature,  they  are  injured  so  that  they  cannot  germinate  or  grow  out  as 
quickly  as  they  could  before.  It  takes  a  special  Media  to  recover  them,  and 
you  get  a  little  lower  recovery.  The  question  that  this  is  an  injury  taking 
place  is  probably  not  a  thing  that  ought  to  be  criticized  too  such  because 
the  people  who  wore  working  then  were  not  doing  anything  calculated  to  show 
that  it  was  otherwise.  They  were  not  doing  the  sort  of  experiment  which  is 
necessary  in  order  to  demonstrate  heat  activation,  and  these  were  more  or  less 
incidental  obaervations. 

Now  what  you  need  to  do  to  ahow  spore  activation  is  to  expose  your  suspen¬ 
sion  and  observe  the  csunt  before  and  after  exposure.  In  1943,  Curran  and 
Evans  made  their  first  observations  on  twat  activation,  and  in  1950,  Howard 
Griffith  cade  a  report  on  PA-833  where  he  obtained  a  considerable  increase  in 
the  count  as  a  result  of  exposure  to  heat.  He  got  as  much  as  a  12-fold  acti¬ 
vation  with  one  of  the  organisms  on  the  basis  of  15  or  20  minutes  of  exposure. 
The  observation  that  you  can  stimulate  or  accelerate  germination  by  mild  heat¬ 
ing  is  fairly  well  established  by  now.  Some  years  ago  we  tried  to  find  out 
why  euad  to  acctmulate  some  of  the  facts.  I  have  only  a  few  of  these  farts, 
and  I'm  not  too  sure  about  them.  Mo  have  worked  with  five  strains  of  thermo- 
phylls  (three  obligate  and  two  facultative),  with  two  strains  of  obligate 
anaerobes  (Botulinum  type  A  and  PA  3639),  and  with  seven  strains  of  B  subtilis, 
including  two  strains  of  var.  niger,  of  differing  heat  resistance.  ”” 

I  might  tell  you  about  the  preparation  of  the  spores  for  testing  and  how  it 
was  done.  The  cultures  on  various  media  were  run  for  about  a  week  to  ten  days, 
the  spores  were  washed  three  times  with  distilled  water,  and  finally  resus¬ 
pended  in  very  concentrated  -ueounts  in  a  0.0338  M  phosptote  buffer  from  which 
they  were  diluted  out  is  various  suspending  media.  The  next  problem  was  to 
get  rid  of  as  many  of  the  vegetative  cells  as  possible  without  exposing  to 
heat  and  without  having  inactivation.  This  was  finally  accomplished  by  sonic 
disintegration  of  the  vegetative  cells.  When  the  suspension  was  exposed  to 
ultrasonics,  a  constant  count  was  obtained  in  90  minutes.  The  vegetative 
cells  wore  eliminated  wii.iin  30  minutes,  and  even  a  run  of  an  hour  and  a  half 
did  not  decrease  the  spore  count  or  alter  the  spore  inactivation  by  heating. 
Aftor  the  suspension  mis  exposed  to  sonic  treatment  it  was  stored  at  low 
Lemv- rature  until  the  experijasnts  on  the  stock  suspension  were  to  be  run. 

At  that  tirae,  it  was  diluted  out  into  pure  media  and  exposed.  After  comparing 
a  nuimbcr  of  studies  of  recovery  rasdia,  the  one  selected  was  brainheart  starch 
rcicforccd  u^edia.  got  higher  counts  with  the  brainheart  starch  media  then 
with  any  other  r.edia  wiiich  we  tried.  There  was  actually  only  one 

rnt  ' f  lot  that  gave  any  appreciable  activation  at  all.  The 
,1-r  i  -.  .s  rn-v  -r;  t  a"  high  after  exposure  to  the  temperature  used  for  heat 

'.,■1  :t  wos  beforo. 
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If  you  activate  spores  and  then  store  them,  the  activation  will  be  lost 
fairly  rapidly  or  con^aratively  so.  It  will  be  lost  faster  at  a  low  storage 
temperature  than  it  will  be  at  a  laboratory  temperature.  If  you  attempt  to 
reactivate,  you  got  very  slight  recurrence  of  the  activation  by  taking  these 
spores  which  were  inactivated,  stored,  and  reheated  back  again.  The  dis¬ 
appearance  curve  for  activation  goes  down  fairly  rapidly.  If  you  do  not 
activate  but  do  store  the  unheated  spores,  then  they  can  be  activated  up  to 
17  or  18  months  later.  They  do  not  die  off  very  rapidly  and  they  are  still 
subject  to  activation.  Let  me  repeat  that.  If  you  activate  and  store  spores, 
the  activation  is  lost  and  can  be  only  partially  restored  by  reheating.  If 
you  do  not  activate  but  do  store  spores,  then  they  can  be  activated  later. 

One  thing  which  has  come  out  of  this  is  that  activation  is  not  as  common 
as  we  had  once  though  it  was.  I  think  a  person  who  is  not  familar  with  it 
would  get  the  ii^ression  that  activation  can  be  induced  or  demonstrated  with  a 
spore  suspension  or  any  group  of  spores  that  you  work  with.  Now  our  obser¬ 
vation  would  indi.-^ate  that  this  is  not  true,  and  while  it  can  be  found  in  some 
organisms,  it  will  not  stay  there  indefinitely.  The  organisms  fluctuate  in 
this  respect.  We  also  think  it  is  iiqiortant  that  skim  milk  seems  the  best 
medium  to  show  this  heat  activation.  The  effect  of  milk  is  shown  to  corre¬ 
spond  rather  closely  with  the  concentration  of  milk.  If  you  dilute  the 
milk  by  half  with  distilled  water,  you  cut  down  the  activation  from  a  six¬ 
fold  increase,  let  us  say,  to  maybe  about  four.  If  you  cut  it  in  half  agair, 
you  cut  it  down  to  between  two  and  three.  If  you.  get  as  loW  as  10  percent 
milk,  you  get  back  in  the  range  of  distilled  water.  Exactly  what  is  concerned 
here,  we  do  not  know. 

MANGUN:  Will  milk  ash  have  any  effect  in  this  connection? 

WILLIAMS;  That  was  tested.  The  milk  ash  does  not  have  any  significant  effect. 

HALYORSON  (Mich. ) ;  Before  you  heat  your  suspension,  how  does  a  direct  count 
compare  with  a  viable  count? 

WILLIAMS;  Well,  unfortunately,  I  do  not  have  the  data  on  direct  count.  That 
was  done;  but  I  don't  have  the  data  with  me,  and  I  can't  tell  you. 

HALYOBSCN  (Mich.);  I  am  just  a  little  surprised  that  you  get  an  increase 
in  plate  count  by  heating.  Whether  it  is  a  function  of  your  beef  heart  in¬ 
fusion  broth,  I  don't  know;  but  I  know  with  the  spores  we  have  looked  at, 
and  we  have  looked  at  seven  row,  we  get  100  percent  of  our  spores  to  grow  in 
the  plate  unless  they  are  very  old.  If  they  are  very  old,  the  viability  begins 
to  decrease.  But  with  fresh  spores,  we  get  100  percent  without  heating,  com¬ 
paring  direct  counts  with  viable  couiits. 

WILLLliS:  No,  that  wasn't  the  case  in  our  work.  With  this  organism,  that 
was  tr-ue;  you  got  an  increase  in  count  as  a  result  of  heating,  a  tremendous 
increase  in  counx  in  some  instance? . 
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LEONARDS:  I  have  been  asked  to  say  a  little  about  our  work  on  spores,  which 
is  really  of  a  different  nature.  Our  work  deals  exclusively  with  the  effect 
of  beta-propiolactone  in  the  vapor  state  and  it  has  but  two  virtues:  first, 
the  technique  is  extremely  simple,  and  second,  my  presentation  is  extremely 
short.  We  have  a  big  box,  with  a  volume  of  1300  liters,  into  which  we  atomize 
propiolactone  aifter  proper  adjustment  of  the  humidity.  Then  we  analyze  the 
propiolactone  in  the  air  by  withdrawing  one-liter  szunples  of  air  and  treating 
it  with  hydroximine  and  ferric  chloride  in  the  usual  mamner.  In  that  way, 
we  can  follow  the  destruction  of  lactone,  which  as  you  know,  is  an  unstable 
compound  even  in  the  vapor  state.  By  varying  the  concentration  of  lactone,  by 
varying  the  hxaaidiiy,  and  by  talking  samples  of  spoi*es  out  of  the  chaaJDer  at 
various  time  intervals,  we  hope  to  be  able  to  get  some  idea  about  just  exactly 
what  conditions  have  to  exist  in  order  to  get  spore  destruction  under  practi¬ 
cal  conditions.  Figures  22  and  23  are  merely  indications  of  the  relative 
instability  of  propiolactone,  and  obviously,  the  instability  is  greater  as 
you  increase  the  huaiidity.  The  two  figures  represent  lactone  at  two  different 
initial  concentrations:  a  high  concentration  of  about  9  milligrams  per  liter 
and  a  low  concentration  of  around  2^  milligrams  per  liter.  Note  that,  after 
just  a  few  minutes  in  the  chamber  at  the  highest  humidity  (22.9  milliliters 
of  mercury  water  vapor),  immediate  sampling  reduced  the  concentration  of 
lactone  in  the  chamber  from  about  8.8  to  5.5  milligrams  per  liter  (Figure  22). 
In  other  words,  at  a  high  humidity,  the  amterial  is  quite  unstable. 

SKIPPER;  What  is  its  vapor  pressure  at  25®C? 

lEONARDS:  Between  2.6  to  2.8  millimeters  of  mercury,  I  believe,  amd  that  is 
equivalent  to  a  maximum  obtainable  concentration  of  10.5  milligrams  per  liter. 
The  maximum  obtainable  concentration  in  the  big  chamber  that  wo  have  was  Oif' 
9.5  milligrams  per  liter  by  actual  analysis,  and  even  that  is  difficult  to 
obtain.  Figure  24  (we  have  only  done  a  few  of  the  conditions)  illustrates  two 
things.  One  is  that  even  the  highest  concentration  of  lactone  that  is  obtain¬ 
able  (9.5  mg/l)  is  almost  completely  ineffective  against  B  subtilis  var.  niger 
spores.  I  should  mention  that  the  spores  are  impregnate d~in  little  cloth 
patches  about  the  size  of  a  quarter,  and  we  count  the  number  of  spores  by 
shaking  the  patches  in  100  cubic  centiliters  of  distilled  water  and  then  do 
plate  counts.  At  humidities  of  a  little  less  tham  half -saturation  (11.5  nan 
Hg  tl^O),  the  compound  is  somewhat  effective.  If  you  are  thinking  about 
absolute  sterilization,  you  may  as  well  forget  about  it;  the  count  is  reduced 
by  about  only  one  log,  from  10'  to  a  little  above  10®.  Incidentally,  I’m 
sure  the  rise  indicated  on  Figure  24  isn't  real.  I  might  mention  that  about 
the  best  we  can  do  ir  to  extract  30  percent  of  the  spores  which  we  pu‘  on  the 
patches  when  we  try  to  recover  by  shaking. 

rlALVORSON  (Mich.  ) :  Did  you  drop  your  patch  into  a.  growth  medium? 

LEONARDS:  Well,  we  can  drop  them  into  a  growth  medium,  but  we  have  to  count 
thoi.i,,  S^sent  ially ,  we  do  drop  them  into  a  growth  medium  if  we  want  to  check 
t':>r  1  ('Ti  1  j  ty . 


^  -PROl^lOLACTONE,  milligrams/iiter  of  air 


-  PROPIOL ACTON t,  fniliigrams/liter  of 


SPORE  COUNT 
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CHPBCn;  There  was  a  study  done  at  Chicago  in  which  the  patches  inpregnated 
with  organisms  were  ground  in  Kzuring  Elendors,  and  100  percent  recovery  was 
obtained  that  time. 

LEONARDS:  Well,  that  night  be  an  inqjrovenent  over  the  technique.  I  might 
mention  that  because  this  is  a  completely  practical  aspect  of  the  work,  we 
are  one  of  the  few  contractors  that  have  our  procedures  written  out  for  us 
to  begin  with.  This  washing  technique  has  been  used  at  Detrick  for  many 
years,  and  they  decided  to  keep  that  standard  so  they  czm  compare  it  with 
previous  results. 

SKIPPER;  If  you  put  up  your  close-to-saturation  concentration  at  25°C  in 
your  chamber,  how  rapidly  does  that  concentration  fall  off? 

LEONARDS;  Well,  I  think  that  is  dta  I'igures  22  and  23.  On  both  these  charts, 
the  top  curve  is  for  zero  millimeters  of  oerciury  and  the  bottom  curve  is  what 
you  get  with  high  htaaidity. 

SKIPPER;  There  is  no  air  going  in  or  out? 

LEONARDS;  That  is  right. 

SKIPPER;  It  falls  off  just  hy  adsorption  on  the  walls. 

lEQNARDS;  By  adsorption  on  the  walls,  and  prcbably  also  by  destruction  of 
the  lactone,  which  is  known  to  be  unstable  in  the  presence  of  moisture. 

MANGIiK;  In  the  vapor  phase? 

mONARDS;  In  the  vapor  phase. 

HAWGPN;  Has  anyone  seen  this  type  of  thing  in  an  aqueous  media  where  you 
knock  out  almost  all  the  spores,  but  there  ai*e  a  few  that  don’t  get  knocked 
out  ? 

lECTIARlXS;  Well,  we  are  not  hitting  the  spores,  we  sure  hitting  cloth  patches 
in  which  spores  are  impregnated. 

HANROKr  I  know.  What  I  want  to  bring  out  i's  a  possible  explanation  of  this 
thing  based  on  some  observations  made  during  the  war  with  gas  chambers.  A 
rabbit  was  put  in  a  gas  chamber  along  with  quite  a  variety  of  chemicals,  of 
which  lewisite  was  the  most  remarkable.  Chemical  samplers  were  placed  in  the 
middle  of  the  chamber.  Let's  sziy  a  certain  nominal  concentration  was  desired, 
and  30  to  90  percent  optimal  concentration  was  obtained  by  direct  analysis. 

If  the  sampler  was  placed  two  inches  from  the  fur  of  the  rabbit,  however,  the 
concentration  was  almost  zero.  There  must  be  soieething  like  that  going  on 
here.  It  is  an  interesting  practical  point;  perhaps  this  does  happen. 
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KAYBt  I  thisJk  ve  have  to  exercize  caution  here  and  avoid  conclusions  based 
on  tKe  bacteriological  counts  that  have  been  made  thus  far.  This  is  the  sort 
of  test  that  is  set  up  so  that  you  have  to  wait  until  all  the  data  are  col¬ 
lected  before  you  knotr  what  the  first  experiment  did. 

lEONARD^  I  think  that  the  most  importzuit  practical  aspect  of  this  thing  is 
tha't,  xn  the .  vapor  state,  propiolactone  is  very  ineffective  unless  the  humidity 
is  very  high;  even  at  half- saturation  at  11.5  millimeters  mercury,  the  largest 
concentration  of  lactone  obtainable  in  the  vapor  state  is  relatively  ineffec¬ 
tive.  I  think  this  is  the  m.' In  conclusion  that  we  can  reach:  if  beta- 
propiolactone  is  to  be  of  practical  use  in  the  vapor  state,  it  just  tias  to 
be  wet. 

CHtJSCH !  I  don't  think  Figure  24  indicates  what  effect  the  high  humidity  had 
on  your  organisms. 

UBOSAmS!  Oh,  it  has  none.  I  don't  know  what  effect  it  has  on  the  resistance 
or  the  organism,  but  it  has  none  on  the  count.  Is  that  what  you  are  thinking 
about? 

CHDRCH;  I  was  wondering  if  the  organisms  were  active  at  low  humidity. 

LfiONAlfflS:  Yell,  we  can  taka  the  organism  and  dry  it  on  the  patches,  keep 
them  over  concentrated  sulfuric  acid  for  three  months,  then  extract  them, 
and  still  get  the  saM  count  as  if  we  kept  them  wet. 

SHAVER:  I'll  throw  this  in  for  what  it  is  worth;  The  Department  of  Agri¬ 
culture  reported  some  work  done  on  the  treatment  of  wool  with  lactone  to 
iaqnrove  felting  properties.  Lactone  reacted  more  actively  with  wool  at  a 
higher  humidity.  Perhaps  there  is  a  similarity  between  the  protein  in  your 
organism  and  wool.  At  one  time,  I  thought  this  was  a  swelling  effect,  which 
meant  that  penetration  was  getting  into  the  active  site.  is  all  we  know 

about  it. 

KAYE:  The  problem  of  neutralizing  organisms  has  plagued  '  s  -  body  over  all 
these  years,  yet  there  isn't  very  much  data,  I'm  afraid,  on  whether  in  vitro 
neutralization  that  might  be  done  in  the  agar  corresponds  with  in  vivo  neu¬ 
tralization  in  the  body.  — — 

ENGLJEY :  I  have  been  asked  to  comment  on  the  reactivation,  or  reincarnation 
of,  or  revitalization  of  these  "mercurial-killed"  organisms.  The  mercurial 
compouxids  pieaent  a  very  interesting  group  of  chemicals.  It's  been  known 
since  at  least  1890  that  the  mercurial's  activity  as  a  disinfectant  or  zuiti- 
septic  could  be  neutralized  with  sulfhydryl-containing  chemicals,  so  today 
I  have  a  few  charts  and  tables  borrowed  froa  other  people,  some  work  of  our 
own,  and  a  few  comnaents  on  work  that  we  have  going  on  at  the  present  time. 


Now,  the  technique  that  we  have  utilized  for  neutraijization  is  the  actual 
injection  of  the  chenical-organisa  mixture  into  a  susceptible  animil  after 
exposure,  doing  thi:  at  the  same  time  with  nutrient  broth  and  thioglycollate- 
containing  media.  This  technique  of  just  putting  the  organism  into  the  animal 
isn't  new  with  us.  Dr.  Nungester  at  Michigan  workea  up  a  technique  of  actually 
putting  the  organisms  on  a  mouse's  tail,  exposing  to  the  disinfectant,  snip¬ 
ping  off  the  tail  and  putting  it  inside  the  mouse.  One  can't  do  many  senes 
of  conroounds  or  too  many  dilutions  at  any  particul-i'  time,  but  the  technique 
is  very  interesting.  He  used  both  streptococcus  and  pneumococcus  for  that 
particular  test,  as  shown  in  Table  XII. 

Pierce  e,nd  Tilden  did  the  same  work  with  different  compounds  (Table  XIII). 
Early  in  the  '40's,  we  carriea  out  similar  work  by  injecting  intraperitoneally 
the  material  containing  the  chemical  plus  the  orgzmisas.  Table  XI?  contains 
data  from  our  later  studies.  I'd  like  to  point  out  here  the  fact  that  it 
correlates  directly  with  the  test  tube  inactivation  with  thioglycollate  or 
with  serum.  Now  there  are  all  sorts  of  inhibitors  and  neutralizers  for  chemi¬ 
cals  in  the  test  tube.  But  the  important  point  here  is  d''  these  chemicals 
run  into  this  type  of  inhibitor  under  practical  use  conditicus?  Here  we  have 
a  practical  use  condition,  where  senna  containa  sulfhydryl  groups  as  does 
the  body.  I  think  that  this  type  of  test  might  be  continued  with  other  groups 
of  organisms  where  we  have  no  inhibitors.  This  type  of  test  could  be  used 
practically  by  exposing  the  organisms  to  the  confounds, and  injecting  the 
chemicals  and  the  organisaus  into  the  body  to  see  if  those  organisms  have  been 
killed  or  inactivated  to  the  point  that  they  no  longer  can  cause  infection. 

In  Table  XV,  we  have  indicated  a  test  wherein  we  used  the  paper  disc  that 
has  been  used  for  antibiotic  aussay.  ¥e  can  coaipare  the  diameter  of  the  zone 
of  irihibitioa  caused  by  the  various  cojspounds  on  nutrient  agar;  then,  if  we 
put  thioglycollate  into  the  nsdium,  there  is  no  longer  amy  inhibition  of  the 
organism.  If  we  carry  it  out  more  practically  by  putting  in  50  percent  serum 
(and  actually  blood  does  contain  about  50  percent  senim),  then  we  fiad  that 
those  chemicals  have  no  inhibiting  power. 

Now  this  same  paper  disc  assay  technique  has  an  advantage  in  the  testing 
of  this  type  of  conqjoxuid  where  it  is  applied  as  a  tincture;  this  technique 
(Table  XVT)  will  give  the  same  size  zone  for  the  aqueous  preparation  as  the 
tincture  so  that  we  car  get  rid  of  the  solvent  effect  in  mixtures  of  chemicals 
This  is  very  nice,  because  in  doing  a  phenol  coefficient  on  a  tincture  prepa¬ 
ration,  the  activity  of  the  mixture  often  is  due  to  the  alcohol  or  acetone  in 
the  mixture. 


Yesterday,  there  were  some  comments  about  the  use  of  two  chemicals  to¬ 
gether  with  detergents  present.  Table  XVII  shows  sbne  similar  data.  If  the 
surTacs-active  agent  is  cationic,  it  has  strong  activity  on  the  cells,  and 
good  zones  sorm; times  with  the  serum  agar  present.  Host  of  the 


got  good  zones  times  with  the 

ictive  agents  are  fairly  well  neutralized  in  the  presence  of  large 
■r  organic  matter.  In  this  particular  technique  we  were  using 


TABLE  XII.  RESULTS  OF  IN  VIVO  TESTING  OF  DISINTECTANTS^ 


DISINFECTANT 

0;?GANISM 

ANIMALS 

InOC^^  %  DEAD 

Tine.  Iodine 

2.0JJ 

Streptococcus 

29 

48 

Tine.  Mercreain 

0.1^ 

31 

94 

Tine.  Merthiolate 

0.1% 

27 

96 

Tine.  Phe«serol 

0.1^ 

31 

90 

Tine.  Iodine 

2.0% 

Pheumococcus 

15 

0 

Tine.  Mercresin 

0.1% 

46 

23 

Tine.  Merthiolate 

0.1% 

40 

55 

Tine.  Phenjerol 

0.1% 

52 

67 

Tine.  Phemerol 

0.2% 

56 

16 

Tine.  Vehicle 

47 

68 

a.  Nungester  and  Kempf ,  J 

Infec  Dis,  71:174, 

1942. 

TABIZ  XIII.  RESULTS  OF 

^  VIVO  TESTING  OF  DISINFECTANTS 

DISINFECTAHr 

OSGANISH 

ANIMAIS 
mOcT  ^  DEAD 

Pneumococcus^ 

120 

42 

Tine.  Metaphen 

0.1% 

_•  * 

»-r  ’ 

85 

Tine.  Merthiolate 

97 

NaCl 

0.85% 

98 

MercurochrofflB 

2.0% 

Streptococcus^/ 

3 

63 

Metaphen 

0.2% 

8 

25 

Merthiolate 

0.1% 

6 

66 

Phenol 

i.ds 

4 

0 

a.  Pierce  and  Tilden,  J  Dent  Res,  ^;5,  Oct.  1945. 

b.  Morton,  et  al,  J  A  S  A,  1367^7,  Jan.  3,  1948. 
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TABLE  XIV.  COMPARISON  OF  ^  VIVO  AND  VHEO  MSTHCIB 
OF  EVALOATING  MERCURIAL  ANTISE^IC  ACflVni 


coNC.  dext:^se  B£gri§^ 


OF  USE. 

MICE  DEAD  y 

+ 

+  IC^ 

CONPODKD 

Percent 

MICE  INJECTED*  ALONE 

THIOGLYCOLIATE 

SERUM 

Phenyl  merciric  borate 

0.1 

8/10 

+ 

+ 

Herbak 

0.1 

9/10 

+ 

+ 

Merthiolate 

0.1 

10/10 

+ 

4- 

Mercurophen 

0.1 

9/10 

+ 

4* 

Mercuric  iodide 

0.1 

C/10 

JL 

Mercarbolide 

0.1 

8/10 

Merodicein 

0.2 

10/10 

+ 

Metaphen 

0.2 

7/10 

+ 

+ 

Mercurochrone 

2.0 

10/10 

+ 

+ 

Ifercuric  chloride 

0.1 

10/10 

+ 

+ 

Frier 

10/10  + 

+ 

a.  Mice  in.iected  and  tube;::  inoculated  irith  0.1  aillili 

ter  of  a  1:2  dilution 

of  Streptococcus  — 

aorctirial  aixture  after  a  ten  ninute  sxpoc-ur'- 

at  32° 

to  S4‘'C,  Sti*eptoccocus  recovered  froa  heeurt*s  blood  at  autopsy. 

b.  -  -  no  growth  within  7  days; 

+  =  grcsrth  of  test  organisn. 

TABIE  XV.  COMPARISON  Cf  THE  EFFECT  OF  NEUTRALIZERS 

ON  INHIBITKRf  ZONKS  BY  THE  PAPER  DISC  ASSAY  METHOD 

DILUTION 

NUTRIENT  AGAR 

y 

HUTRIEin:  AGAR 

soK 

OF  USB, 

INHIBITKRI  ZONE 

+  0.^ 

CCMPODND 

Percent 

ailliaicrons 

THIOGLYCOLLATE 

AGAR 

Phenyl  wercuric  borate 

0.1 

33 

Mercresin 

0.1 

32 

- 

- 

Kercarbo’ide 

0.1 

32 

- 

- 

Merthiolate 

0.1 

32 

- 

- 

Mercurophen 

0.1 

29 

- 

- 

Mercuric  Iodide 

0.1 

28 

- 

- 

Metaphen 

0.2 

25 

- 

- 

He  r  c  ur  oc  hr  orac- 

2.0 

24 

- 

Herbak 

0.1 

23 

- 

- 

inO  1  OCl  i*-'  O  X  X, 

0.2 

18 

- 

_ 

H'er-ciiric  chloride 

0.1 

18 

- 

- 

iilib-,-"  plr:t-;s  'iierc  used. 
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TABLE  XYI.  COMPARISON  OF  AQUEOUS  AlsD  TINCTURE  MERCURIALS 
BY  THE  PAPER  DISC  ASSAY  METHOD 


PREPARATION 

INHIBITION  ZONE,^' 
miliiraeter.s 

Merthiolate,  Aqueous 

30 

Kerthiolate.  Tincture 

29.5 

Merbak,  Aqueous 

22 

Merbak,  Tincture 

22 

CONTROLS 

Alcohol,  95^ 

Alcohol,  5(^;  Acetone,  10^ 

Water 

— 

a.  Twenty-milliliter  plates  were  used. 


TABLE  mi.  COMPARISON  OF  THE  EFFECT  OF  SURFACE  ACTIVE  AGENTS 
ON  MEHCORIAL  ACTIVITY  BY  THE  PAPER  DISC  ASSAY  METHOD 


MEDIUM 


MERCURIAL 

SURFACE 

ACTIVE 

AGENT 

NUTRIENr 

AGAR 

Zone  of 

NUTRIENT  AGAR 

THIOGLYCOLLATB 
inhibition,  nilliiae 

SS^ 
AGAR 
tors  iJ 

Mercurochrr 

23 

Hercurochroi.- 

Plus  Duponol  yJ 

25 

26 

mm... 

Duponol  LiJ 

24 

23 

— 

Mercurochrotae 

Plus  Roccal  1^ 

20 

17 

16 

Roccal  1^5 

26 

25 

Mercurochrome 

Plus  Triton  A20 

27 

Triton  A20  1% 

— 

— 

•iter 

plates  were  used. 
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I  think  it  is  very  iaportant  in  testing  chonicalc,  not  orJ^  to  do  it  in 
the  test  tube,  but  also  to  do  some  use  applications  to  see  if  they  are  going 
to  work  in  practice,  whether  it  in  in  stainless  steol  pauss,  on  the  skin,  or 
on  impregnated  cloth. 

Another  iuqaortant  point  on  the  mercurials  we've  been  studying  in  the  past 
few  years.  Mercurials,  you  know,  are  U9<id  vary  frequently  as  preservatives 
in  vaccine  and  in  serum,  etnd  I've  always  worried  about  them  because  the  mer¬ 
curial  compound  will  get  tied  up  with  protein  very  readily.  We  set  up  typhoid 
vaccine,  added  mercurials  and  other  preservatives  to  the  vaccine  in  the  re¬ 
frigerator,  amd  then  added  a  standard  number  of  orgzmisms:  300  per  milliliter 
of  B  subtilis  spores,  S  aureus  cells,  and  Escherichia  freundii  L  (because 

a  common  coctaailnant  plasma).  If^  we  add  the  organisms  at  zero  time 
when  we  add  the  chemicals,  we  find  that  the  mercurials  are  very  effective  in 
controlling  the  organisms  that  are  added;  however,  if  we  let  that  vaccine  sit 
for  six  months  in  the  refrigerator  with  the  chemicals  present  3u\d  then  add  the 
organisms,  we  find  that,  in  the  case  of  the  mercurials  in  particular,  the 
organisms  stay  alive.  As  a  control  on  this,  we  have  used  formaldehyde,  and 
find  that  the  formaldehyde  is  still  able  to  prevent  these  organisms  from  grow¬ 
ing  after  six  months.  In  plassia,  these  mercurial  compounds  have  even  less 
activity.  We  haven't  done  this  quantitatively  to  find  out  how  much  of  the 
mercurial  is  taken  up  as  we  increase  the  amount  of  protein. 

Now  it  has  been  shown  in  previous  work  that  spores  remained  viable  in 
mercurial  preparation  for  as  long  as  ten  years,  and  when  taken  out  and  put 
irto  thioglycollate  medium,  or  into  serum  medium,  they  became  reactivated, 
germinated,  and  grew  into  colonies.  This  brings  up  the  question  of  the  use 
of  mercurials  as  preservatives,  and  it  also  brings  up  another  problem  that 
we  are  just  running  into.  If  we  have  a  lot  of  protein  present  in  the  vaccine 
and  mercurial  is  added,  then  it  doesn't  qo  3uiy  particular  inactivation  of  the 
vaccine  antigen.  However,  in  the  polio  vaccine  which  is  being  put  out  on  the 
market,  they  ran  into  difficulties  with  preservativee  in  this  respect;  if 
they  added  merthlolate  alone  to  the  polio  vaccine,  the  aerthiolate  not  only 
combined  with  the  polio  virus  but  destroyed  it  as  an  antigen.  Now  they  have 
added  versene  to  the  polio  vaccine  to  control  the  merthlolate.  We've  just 
started  tests  to  determine  whether  the  mercurial  is  going  to  be  a  preservative 
when  it  is  tied  up  by  the  versene.  So  you  can  see  the  difficulty  that  we  run 
into  with  the  merciUTials. 

I  think  that  practical  types  of  tests  such  as  the  ones  that  we've  used 
should  be  applied  to  other  chemicals  in  order  to  answer  the  question  of 
ivhether  the  organisms  are  killed,  inactivated,  or  so  devitalized  that  they 
can  no  longor  cau"ie  infection  in  tbe  experimental  stnimals  which  ao:e  sus- 
oirt-ble.  I  think  that  should  be  kept  in  mind  with  the  testing  of  the 
olhor  choir.icals.  Soes  of  the  inactivators  or  neutralizers  that  are  used 
h.vY-  no  relation  to  actual  body  conditions,  although  they  are  very  inter- 
i  in;;  to  use  in  the  laboratory  to  see  ii  you  can  get  the  organisms  back. 
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